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On the Dimorphism of the English epedea of Nummulites. 
By Mr J. J. LiSTER. 

[Bead 31 October 1904.] 

The author gave an account of his examination of the characters 
of three English species of NummtUitee, N. laevigata (Brug.), vario- 
laria Lam., and etegane Sow., with respect to dimorphism. 

De Hantken and de la Harpe called attention to the general 
occurrence of Nummulites in poire in the same strata, and the 
phenomenon was referred to oy them as the 'association of 
species.' 

When in 1880 Munier-Chalmas propounded his yiew of the 
dimorphism of the species of Nummulites and of other Foramin- 
ifera, it was objected by de le Harpe that though association in 
pairs was the rule, there were several instances of the occurrence 
of a sinffle fortn (''priv^ d'une soeur") in a deposit ; a circum- 
stance which, if established, would be difficult to reconcile with 
L the theory of dimorphism. Although that theory is now firmly 
established the difficulty raised by de la Harpe appears never to 
have been met N. vanolaria, in the Bracklesham Beds of White 
Cliff Bay, and N. elegans, from the Barton Beds in Alum Bay, 
have been described, as they occur in these beds, as such solitaiy 
forms, although in deposits on the Continent they have both been 
found associated with a companion ' species.' It therefore seemed 
worth while to examine them to find what support they might 
have to rive to de la Harpe's objectioiL 

In If. laemgata the two forms of the species are readily dis- 
tinguished when folly grown, owing to the fact that the micro- 
^»heric Jprm attains a much larger size than the megalospheric. 
A wectim in the median plane of such large specimens reveals an 

VOL. XllL PT. I. 1 



2 Mr Lister, Dimorphism of ike English species of Nummulites. 

initial chamber (the microsphere) 17 — 19 /a in diameter, while 
sections of the smaller form show that they sprang from an initial 
chamber nearly '5 mm. in diameter. 

In examples of the two other species from the beds mentioned 
no such difference in the size of the test is displayed ; but when 
examined in section the individuals of the species are found to be, 
like most other Foraminifera, dimorphic in respect of the size of the 
initial chamber. 

Among 134 specimens of N, variolaria thus examined three 
were found to be microspheric, the diameter of the microaphere 
being 16 — 19 /i. In the remainder (megalospheric) the diameter 
of the megalosphere varied from 38—96 /a, the average diameter 
being about 68 ft. 

In N. elegans among 94 specimens two were found to be 
microspheric, the diameter of the microsphere being 17 — 20 fi. 
In the others the megalosphere varied from 66 to 148 /a, the 
average size being about 95 fi. 

It is therefore clear that these species, £eu: frt)m invalidating 
the conclusion that the species of Nummulites are dimorphic, are 
in complete accord with it. We have however to recognize that 
while in many species of the genus the microspheric form attains 
a much larger size than the megalospheric, m others the two 
forms attain the same size — a condition which is indeed the rule in 
the great majority of the Foraminifera. 
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On a Problem concerning Wood and lAgnified cell-wails. By 
H. Mabshall Ward, D.Sa, F.RS., Professor of Botany. 

[Bead 31 October 1904.] 

During past years Dr W. J. Russell has published several 

Eipers brmginff forward the results of a remarkable discovery, 
e finds that if bodies such as leather, cork, wood and numerous 
others, are allowed to lie on a sensitive dry photographic plate in 
the dark, for periods varying from a few hours to some weeks, the 
plate on undergoing development in the ordinary way may have 
an image on it, in mauy cases of extraordinary sharpness and 

""I'L no. he,. »n«r.ed with «., of hi, ^, ^t.,^ ^ 

important experiments, excepting those in which wood was em- 
ployed ; and he has just summarised the results of his latest 
work in a paper in the Philosophical Transactions of the Royal 
Society, Vol. cxcvii., Ser. B, pp. 281—289, entitled "On the 
Action of Wood on a Photographic plate in the Dark"*. This 
memoir, illustrated with a series of excellent plates, shows clearly 
the progress that the author has made towards the solution of the 
various questions he has raised. Dr Russell finds that almost all 
the woods he has tried act on the plate in the dark ; though they 
vary as rec^ards intensity of action, and as regards the length of 
time and the temperature needed for tangible results. 

His method is to obtain a smooth face on a block of wood, dry, 
and place this face in contact with the plate, the whole being left 
in the dark until development of the plate. 

Dr Bussell had previously shown the probability that hydroeen 
peroxide is the active agent, and thinks that resin in the wood is 
probably the indirect causal agent : he gives proofs that it is not 
a case of radio-activity. 

He gives a fairly lone list of British and Foreign woods used, 
and summarises the resmts ; and he also tests the question of the 
action of ordinary resin (colophony), various other resins, turpen- 
tine and a number of gums, with the result that while the boidies 
of more gum-like nature are inactive, those of more resinous nature 
are active. 

* 8ee also Nature, Sept. 22, 1904, p. 521. 
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4 Pro/! Marshall Ward, On a PrMem 

Dr Russell also shows that oak a century old, and oak from 
a bog, and even decayed wood are still active. 

Amon^ his most interesting discoveries are, that light of 
various kinds stimulates the activity of a piece of wood exposed 
to it ; that the same is true of leather, cork, resin, paper, &c.; and 
that certain bodies — e.g. glass — are opaque to the action, whereas 
others — e.g. porous bodies, gelatine, &c., transmit it. Moreover 
the block of wood need not 1^ in actual contact with th6 plate ; it 
will act if an appreciable layer of air intervenea 

For the further understanding of these and numerous other 
interesting fiacts concerning the physical and chemical points con- 
cerned, I refer the reader to I)r Bussell's feucinating and im- 
portant papers. 

My position in what follows is this. About a year ago 
Dr Russell was so kind as to show me some of his experimental 
results, and I was naturallv much interested in his work, because, 
apart from the more purely physical and chemical aspects of the 
phenomena, they would appear at once to have a direct bearing on 
the problem of the constitution of wood cell-walls. 

Beyond proposing to apply Dr Russell's results in particular 
ways to this botanical (juestion, and perhaps having obtained 
certain modifications of his process and a few results of additional 
value, I have no claims to originality in the matter, and certainly 
no credit is due to me as anything but a humble follower of his 
discoveries. With these disclaimers, then, I pass to a summary of 
my own experiments. 

I was struck at the outset with the difficulty of referring 
Dr Russell's results to the resins, because, in the first place the 
Larch and the Scots Pine behave so differently. 

In the Larch the resin-canals and, presumably, the bulk of the 
resin, are in the Autumn wood zones, and it is these zones which 
induce the strongest image ; but in the Pine, although the resin is 
distributed in the Autumn zones as in the Larch, the most marked 
effect is in the Spring wood. Russell finds the Larch less active 
on the whole than the Pine, but from mv knowledge of the two 
I should have thought them equally resinous, and their contrary 
behaviour seems anomalous. 

But the second point strikes one as even more extraordinary if 
resin is the active body. The Oak gives very good figures, Russell 
placing it in the same group with the Pine as ''very activa" 
Now, without saving that there is no resin in Oak, it is well 
known that tannm and tannin-like bodies are the characteristic 
substances in Oak, and it at once occurred to me that this series 
of constituents ought to be tried. 

Nevertheless if we examine Russell's lists of " very active," 
*' active," and "slightly active" woods, it cannot be said off-hand 
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that either resin or tannin is at once suggested ; for instance, the 
Sycamore is "very active/' while the Beech is only ''active/' and 
the Alder and Elm are but '' slightly active." 

It appears to roe, therefore, that while the evidence is in favour 
of some substance emanating from the cell-walls being the active 
a^nt, this substance is either not yet recognised, or it differs in 
different cases. My reason for agreeing so readily with the con- 
clusion that it is some substance — perhaps, but not certainly, 
volatile — ^is this. Russell found that '' a ^lass or mica screen of 
one-thousandth of an inch in thickness entirely protects the plate 
from being acted on"; and he concludes from this that it is not 
a case of radio-activity. 

Whether his conclusion be sound or not, the efficacy of shch 
a screen — and the fact that a screen of porous substance, or of 
gelatine, or of wood does not prevent the action — points to some 
such conclusion as the above. 

Having confirmed Russell's results, I proceeded to the enquiry: 
(1) Can we obtain similar photographs with thin sections of wood? 
For, if so, it might be possible to obtain micro-photographs and 
trace the action — by its relative sharpness — to the solid lignified 
walls or to the cavities. (2) Can we, by streaking such sections 
with solutions of substances to be tested — e.g. Tannin, Tannic 
Acid, Gallic Acid, Xylol, Turpenes, Oils, or any other bodies 
derived from wood — obtain local intensification of the results? 
In this way it might be possible to run down the active bodies, 
and compare them with the various woods in their natural 
conditions. 

The first question was soon answered. The results of all the 
experiments it is proposed to discuss here are summarised in the 
following Table, in which the experimental running number, 
the species of wood employed in thin sections, the condition of 
the wood-section used, and any treatment to which it was sub- 
jected before placing it on the plate in the dark-room and 
wrapping it up, are given in the nrst four columns. 

Tne time ouring which the contact with the plate continued is 
given in column v.; and the temperature durmg the period of 
contact in column vi. 

In the last column I have summarised the results in a few 
words, sufficient to show the principal features of any figures 
obtained. 

Analysis of this table shows that in most cases a considerable 
incabation-period is necessary to obtain any picture beyond a 
''mere ghost," so fidnt that one can only say that some ''activity" 
has been displaced. 

Whether this is because my thin sections contain very little of 
the active substance in the small amount of cell- wall present (as 
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8 Prof. MarshaU Ward, On a Problem 

contrasted with the large blocks used by Dr Russell), or whether 
the &ct of these thin sections being pressed flat between glass 
plates, wrapped up closely in severd layers of black and other 
papers, prevents the access of air, are matters for further ex- 
periment. Both mi^t be causal fiictors. 

It should be noticed that in experiments Noe. 35 and 36 I used 
Scots Pine and Larch, on ** Ordinary " Ilford plates ; and that 29 
days at 20 — 22^ C. fiuled to give an image, in experiments Nos. 
50 and 51, the same sections were aeain used, but on Ilford 
" Special Rapid " plates, and at 35*" CT, and good images were 
obtained from both in 72 dajrs. 

Dr Russell had already found that the " Ordinary " plates will 
not do, and that raising the temperature of incubation and 
len^hening the exposure increase the effects, so that this ex- 
periment confirms his results so fiur, and in one case (Scots Pine) 
with a wood known to be very activa 

But my experiments, Nos. 44, 45 and 48, with Pitch Pine, 
another very active wood, where the period of incubation was only 
10 days, indicate that temperature is not always an important 
factor, for the image obtained in experiment 48, at 20 — 22^ C, is 
but little if any &inter than that of No. 44 or 45 incubated for 
the same period at 35''C. 

The determining &ctor of greatest importance appears to be 
the freshness or otherwise of the wood, as shown by the truly ex- 
cellent photograph obtained by eight days' exposure at 35^ 0. of a 
shaving of moist rine — e.g., in experiments No. 21 and 21^ RusseU 
had also observed that fresh wood is more active than old dry wood. 

It is clear, then, that the action on the photographic plate can 
be exerted by thin sections, though the time required is longer. 
Unfortunately for my purposes the sharpness of tne image is as a 
rule deficient, and consequently it is as yet impossible to discoyer 
the exact seat of the local action of the wood cell-walls. 

Befcnre passing to some experiments where other fiMStora are 
introduced, let us now examine the table with reference to woods 
other than the resinous Coniferte. 

Experiments Nos. 8, 12, 28, 46 and 47 were made with Oak, a 
wood which abounds in Tannins, but in which there is no reoog- 
nisable Resin. 

As No. 8 shows, a thin section of Oak, old and dry, gave but a 
poor image in eight days at 20 — 22''C.; and, as No. 12 shows, 
Little if any better results were obtained in 18 days at the same 
temperature. 

Fresh shavings of Joiners' Oak, incubated for 10 days, however, 
whether at 20 — 22'' C. (experiment 47) or at 35"* (experiment 46) 
gave &r better results ; but it must be noted that these shavings 
were moistened, to fiausilitate the cutting, and then dried, and I 



c(mcernifng Wood and Lignified ceU-wcdls. 9 

afetribate the fiusy outlines to their being moist — for the ordinary 
diying alone afforded to the shavings, left them by no means 
really dry. 

ui these cases, then, it seemed impossible to suppose that the 
active body could be a Resin ; and, not unnaturally with such wood 
as Oak, one thought of Tannin or some such body as Gallic or 
Tannic add as a possible &ctor. 

In experiment No. 28, the iome piece of wood was used as in 
No. 8, but before putting it on the pbte half the piece was painted 
over with a camel-hair pencil dipp^ in a weak solution of pyro- 
gaUol, and a streak of the same was drawn across the middle of the 
untreated half, and the section then dried between filter-paper. 

After incubation for 11 days at 20 — 22'' C, a sharp image was 
obtained particularly dark at the parte impregnaied with the pjjfro- 
gaUol, rendering it more than prooable that my surmise was right 

I then instituted a set of trials with various bodies, more or 
less directly derived from wood, with a view to seeing if they gave 
similar results. 

Clove oil was used on Brownea graandiceps, on a section which 
(experiment No. 3) had given no good results at 20 — 22^ for 12 
days. The treated section at 20 — 22"" for six days yielded no trace 
at aU: it seemed as if the clove oil had stopped the action, but, 
since the incubation-period was shortened, the trial was not con- 
clusive in this respect. 

HendteUa int^frifolia, which gave similar results to the fore- 
going when not treated (e3n>eriment No. 4), was similarly tested 
with clove oil, and incubated for nearly the same period (11 days) 
at 20 — 22^ (experiment 26), and the effects of the clove oil in 
deepening the action were at once apparent, the effect showing 
even on the paper into which the oU had diffueed. 

Here, then, we must conclude that clove oil is also an active 
affent, though the experiments do not decide whether it is so 
a£me, or omy in contact with some other body in the wood. 

The next substance tried was tannin. As Exp. Noa 1 and 7 
ihowed, Arietolochia Sipho was very inactive in eisht days at 
20—22** C, while Vitie Labrueca seemed utterly wiuiout action 
even after 12 days' incubation. After being washed in a weak 
tannin solution and then dried, however, tM $ame eectione gave 
good images in 11 davs and 12 days respectively, at the same 
temperature, the Vitie being especiallv active. 

Tannin would therefore appear to be a markedly efficient agent, 
and the fiust suggests an explanation why Oak is such a " very 
active " wood. 

I then tried pyxo-ffallol. As ahready shown, this was decidedly 
snooeflsful as evinced by streaking the Oak section (Exp. No. 28) ; 
bat its activity was even more clearly evident with tfhnue cam- 
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pestris, the Elm. As Exp. No. 5 shows, the Elm gave the merest 
traces of activity in 12 days at 20 — 22"^ C, and Russell had also 
found the Elm but slightly active; but the same section when 
streaked vrith pyro-gallol amd incubated for the same period at ike 
same temperature (Exp. No. 31) gave an extremely good image, 
particularly black where the pyro-gallol was streaked across it 

The next substance tested was Xylol. As experiments Nos. 29 
and 30, with Sophora microphyUa and Teak, Tectona graniis^ 
show, Xylol is an effective agent, because the paper into which it 
soaked gives a dark image; but since I have not as yet tested 
these woods alone it is impossible to say whether this aeent alone 
is responsible for the action, or whether the results are due to the 
co-operation of something in the wood. 

One thing seems fairly clear. I thought it possible that the 
water used for the solutions of tannin, pyro-gallol &c. might play 
an important part, because, as Russell had also shown, damp wood 
acts more rapidlv than the same wood when old and dry. But in 
the cases of xylol and clove-oil this seems impossible : these re- 
agents were used pure, and the surplus merely soaked off by 
filter-paper. 

I have also obtained positive results with gallic-acid. Berberis 
vulgaris y the Barberry, showed the merest traces of activity in 
8 days at 20 — 22" C, as shown in Exp. No. 2 ; and although the 
Vine {Vitis vinifera, Exp. No. 6) gave better results in 12 days, 
the image was too faint to show on a screen. But the same 
sections after wsishing in gallic-acid (Experiments Nos. 33 and 34) 
gave fairly dark imxiges after 12 days at 20 — 22"^, proving that 
this reagent also is effective. 

Enough has now been stated to show that whatever the activity 
of wood on the photographic plate may be due to, it is not merely 
Resin or Resin-like Dodies ; but that Tannin and Tannin-like 
bodies as well as some others may be responsible. 

Mv knowledge of the chemistry and physics of the subject is 
too slight to enable me to attack the problem of the mode of 
action on the plate ; moreover the question is in sufficiently able 
hands with Dr Kussell. 

It seemed, however, a sufficient reason for this sketch, to point 
out that we have here a Botanical problem of great intereert; — it 
may be of fundamental importance. 

It is clear that some body or bodies in the wood cell-walls— 
i.0. lignified cell-walls — reduce silver-salts in the plate. That 
such bodies are eithisr shot off, as if volatile, or diffuse readily, 
seems clear from the want of sharpness in the microscopic 
details. 

I attribute the blurring of the figures to the facts that the 
activity is not confined to*the actual planes of contact of the cut 
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solid cell-walls with the film of the plate, but manifests itself in 
the cavities, suggesting that particles are thrown off from the 
walk standing off at right angles &c. 

It seems to me that we botanists have here a definite problem 
—or rather a series of problems. First, to see what woods, if any, 
are totally without activity. Secondly, to find out what substances 
in lignined cell-walls are most a^ve. Thirdly, to try and co- 
ordinate the results with the various degrees of lignification of the 
waUs. Further, to see if the effect is due to ^stances in the body 
of the lignified tiKiUs, or to secretions or excreta left behind in 
the cells. 

Some of the discoveries of Dr Russell appear to be of promising 
significance — e.g. Cork is active, but pure cellulose is not ; decaying 
wood, and wood soaked in p^eat (Bog Oak) ipay be active ; and, 
especially, the curious intensifying action of light, for it has long 
been known to Forest botanists that after a tree is felled, the 
exposed heart-wood may chancre colour. 

Indeed, one of the first tasks I would suggest is to compare the 
effects of fi:'esh and old heart- and sap-woods ; of wood cut in the 
dark and exposed to light — in or out of contact with air — and of 
sabstances extracted from both heart- and sap-wood both in contact 
with the wood itself and with pure inactive cellulose. 

Moreover these and other experiments should be made on the 
same wood, in various conditions, as well as on species known to be 
very active — e.g. Oak and Pine — as well as on species found to be 
most inactive. 

It will be obvious to all that such experiments promise to 
stimulate suggestions for other modes of attack on what has 
hitherto proved a veritable Port Arthur to the botanist, — viz. the 
constitution of the lignified cell-wall. 
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The Pine-apple Oall of the Spruce : a Note on the early stages 
of its development*. By K R Burdon, B.A., Sidney Sussex 
College. 

[Read 31 October 1904.] 

The galls are caused by the hibernating veneration of certain 
Aphidae belonging to the genus Chermes, which lives exclusively 
on coniferous trees. 

Several species of Chermes have been described by continental 
writers, two of which (C, abietia and C. etrobilobius) are certainlj 
present in Britain, and further search will probably result in 
others being found. 

The insects have a most complicated life-cycle which has been 
worked out by Dreyfus, Blochmann and others in Germany, and 
Cholodkovsky in Russia. This cycle exhibits a hetercecism similar 
to that which obtains in Flatworms, Uredineae, etc. The main 
facts are briefly set forth in the following table, in which the 
successive generations are denoted by biologic names f. 

Of these various generations it is worthy of note that only one 
of them — the Fundatrices on the Spruce — induces the formation 
of a gall, though all are equally engaged in sucking either on the 
stem or needles. 

The galls caused by the different species of Chermes all follow 
the same general plan of development, and, although there are 
slight differences m detail, the following account, which refers 
specially to the galls of (7. abietis, probably represents what occun 
in every case. 

The life of the gall is naturally divided into three distinct 
stages : 

(1) its development whilst still enclosed in the bud-scales; 

(2) its development after emerging from the bud until the 
opening of the chambers and exit of the inhabitants; 

(8) its death, decay and subsequent fiftte. 
In the present paper my remarks are limited to the events 
which occur during the first stage. 

* FigOTM and ftiU detoili ^111 appear in a later paper. The pment eommam- 
oation menlj BommariBefl the most important points and eoneliuiona. 

t For ftiUer details see Prof. Oholodkorsky's ** Beitrige sn einer Ifonographie 
der Goniferen-L&ase,'* Horae 8oe. ErU, Bou, xxx. pp. 1—103, and xixi. pp. 1 — 61. 
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The gall arises in the following manner :-^ 

In the autumn a Chermes larva drives its long proboscis either 
into the stem of the Spruce just below a bud or into the bud itself, 
umI thus securely anchored, passes into a hibernating condition. 
The insects at this stage are very minute, their total length barely 
exceeding 0'5 mm., but they are provided with an extremely long 
proboscis which is about three times as long as the whole body. 
xluB proboscis is driven right through the cortex and the apex 
lies in the neighbourhood of the cambium. Once the insect nas 
established itself in this position she never again quits the spot, 
but here remains until her death in the following June. 

Before passing on to the development of the gall it will be well to 
recall briefly the structure of the normal winter bud of the Spruce. 
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If the scales are removed from a winter bud before it begins to 
develope in spring, the entire shoot for the following year is found 
already laid down in miniature, with the rudimentary needles 
closely arranged in a spiral around the abbreviated axis, whidi 
they altogether conceal. 

A longitudinal section shews the stem of the young shoot to 
be already differentiated into pith, primary vascular bundles and 
cortex. The pith and cortical cells have square ends and are 
densely filled with protoplasm which shews no signs of vacuola- 
tion, rendering it evident that active growth has not yet set in. 

Chlorophyll is present in every part of the young shoot except 
in the vascular bundles. 

Resin canals generally are absent at this stage, though here and 
there indications that thev are about to be formed may be fbund. 

In the outer cortex short chains of secretory cells or solitaiy 
tannin sacs occur and may be recognised by the abundant deposit 
of tannin or resin which they contain. 

The cells of the pith, and the mesophyll cells of the leaves 
contain a copious reserve of a substance which I believe to be 
tannin. My examination of this substance is not complete, but 
in the meantime I will refer to it provisionally as tannin. 

Minute specks of starch are found in the chlorophyll corpuscles, 
but the quantity is so small as to be negligible, and there is 
nothing that can be regarded as a regular starch reserve. This 
tBuct is important in view of the abundant store of starch which 
makes its appearance at the very outset of gall formation. 

In the spring the insect awakens and begins to suck and 
secrete a tuft of white wool-like wax from glandular plates on 
the dorsal side of her body. The time when this happens varies 
according to the weather. This year (1904) we had a late spring 
in Cambridge, and it was not till the middle of April that I was 
able to discern any signs of life. 

As soon as the insect begins to suck, the cells in the region of 
the cambium where the apex of the proboscis lies, are forced into 
precocious growth. They at once mcrease rapidly in size and 
undergo active division. The protoplasm becomes filled with large 
vacuoles and the nuclei enlarge in about the same proportion. 
The daughter cells repeat the process and the swelling and growth 
radiate outwards in every direction from this centre. 

At first the formation proceeds symmetrically and both the 
pith and the cortex are invaded to an equal extent. Yerv soon 
nowever a limitation is imposed on the growth of the pith cells 
by the lignified vessels of the protoxylem, and the cells of this 
region do not continue to respond so readily to the stimulos. 
The growth then takes the line of least resistance, and extending 
rapi(Sy outwards through th6 cortex becomes excentric. 
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One of the first indications of the gall growth is the dis- 
appearance of the chlorophyll, and this is at once visible to the 
naked eye on bisecting an infected bud longitudinally. As the 
area extends its boundaries the chlorophyll gradually recedes, and 
at length the whole of the affected portion of the shoot appears, 
on removal of the bud-scales, as if it had been bleached. 

Neither resin canals nor secretory cells of any description are 
to be found in the gall area, any that existed prior to the com- 
mencement of gall formation having been absorbed into the gall 
parenchyma. 

The " tannin " contained in the cells of the pith and mesophyll 
also disappears. In microtome sections it breaks up first into 
large granular masses, then into smaller granules, and finally 
disappesffs. In cells which are still normal, this deposit of tannin, 
after fixing with dilute Flemming, is so dense as to entirely 
conceal all details of the protoplasm and nucleus, but wherever 
the ffall action has penetrated these details are laid bare, and the 
oells look as if they had been treated with some clearing agent. 

One is so accustomed to connect tannin with galls that this 
statement may at first appear doubtful. It should however be 
mentioned that at this stage the shoot appears incapable of 
struggling^ against the disease, but in the next sta^e, after it has 
emerged from the bud-scales and has beeun to assimilate, tannin 
is again found in abundance. I believe however that the tannin 
found in the later stages is of a different nature and composition 
to the tannin present in the bud 

The disintegration of the tannin seems to be closely connected 
with the formation of starch which now makes its appearance in 
neat quantity. The cells round the periphery of the gall area 
become as closely packed with starch sranules as are the endo- 
sperm cells of wheat. The quantity decreases as one proceeds 
inwaids towards the centre of the gall, and in the very centre no 
starch or only a few scattered granules are found. 

I think a possible explanation of the origin of this starch may 
be that the tannin contained in the pith and mesophyll cells is in 
reality a glucoside, which on breaking down forms considerable 

Soantities of glucose, and this serves the insect for food The 
l^ermes however cannot absorb the glucose as quickly as it is 
formed and the result is that the glucose solution soon reaches 
a hiffh degree of concentration. To reduce this concentration 
Bbtudk is precipitated, and a molecule of water is consequently 
liberated 

This would explain the distribution of the starch in the gall, 
for in the centre where the apex of the proboscis lies, the elucose 
is being continuously drawn off and would not therefore become 
too concentrated. But the effect of this leakage would be less 
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felt at the periphery and it is here consequently that the most 
abundant precipitation of starch takes place. 

The sweet arop of " Honeydew " which, as is well-known, are 
exuded by these insects, may perhaps prove to have the closest 
bearing on this point. 

In connection with this suggestion I must however state that 
I have not yet succeeded in demonstrating the presence of glucose 
in the rail, but hope to carry out some careful tests next spring 
when the galls are afi;ain in season. 

I have mentionea above that the nuclei enlarge in about the 
same proportion as the cells containing them, but the change is 
not confined merely to enlaigement. In the normal resting 
nucleus the chromatin networK is very evenly distributed, and 
no well marked nucleoli are to be found. In microtome sections 
one of the first indications that a cell is destined to form part of 
the gall tissue is given by the chromatin of the nuclei. The 
network gradually becomes &inter and &des away, while at the 
same time numerous nucleoli make their appearance. In course 
of time the network in some cases entirely disappears and the 
whole of the chromatin becomes aggregated into these nucleoE 
Some of them attain a considerable size and project like warts 
from the surface of the nucleus, which assumes a pallid unhealthy 
appearance. 

So fieu: as I have examined them at present, the mitotic figures 
seem to be of the usual somatic type, and I have found no indica- 
tion of heterotypical mitoses, such as one would expect to find 
were the grovrth of a cancerous nature. 

The net result of these various changes is that almost all 
previous differentiation of the stem has been obliterated, and in 
its place a parenchvmatous tissue, consisting of abnormally swollen 
cells with extremely thin walls, has been formed. The cortex on 
the railed side of the st^em has become 2 to 3 times as thick 
as the cortex on the other side which is still normal, and the 
symmetry of the stem has thus been destroyed. 

The gall growth continues its outward course until it reaches 
the bases of uie needles, and these in their turn begin to swell up. 
As the growth proceeds up them the needles assume a tapering 
shape — very much thickened at the base and gradually diminish- 
ing in size until about half-way up, where they still remain normal. 
The gall is now visible to the naked eye as sood as the bud-scales 
are removed, being rendered evident not onlv on account of its 
swollen nature, but also by lesson of its bleached appearance due 
to the absence of chlorophy]]^ 

The needles at first u^J|*^00e evenly in thickness on every 
side, but before long the stK lU^S becomes confined on the inner 
(ventral) ode, since this fijJ; ^^Ji^ ^^^ *™' which is also swelling, 
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and the two soon meet. When this happens any further growth 
goes on chiefly on the dorsal side, and the leaf becomes asym- 
metrical in transverse section. The outer (dorsal) side of the 
needles soon comes in contact with the inner surface of the bud- 
scales, but as these are gradually unfolding all the time, they do 
Dot offer much resistance to the swelling, and the dorsal side of 
each gall needle consequently becomes convex in shape. 

Owing to the erect position of the needles at this stage and 
their crowded spiral arrangement round the main axis, this 
enlargement of their bases quickly results in adjacent needles 
coming into contact with eacn other, and grooves are formed on 
the surface of each needle, where other needles have pressed upon 
it. The phyllotaxis is such that the base of any one needle must 
on swelling come in contact with the swollen bases of no less than 
four other needles, two belonging to the spiral above it, two to the 
spiral below. 

Each needle-base is consequently marked with four grooves. 
Of these, the two on the inner side are much deeper than the 
two on the outer side, owing to the pressure being greater in 
the former case, and between these grooves a slight ridge is 
formed which corresponds with the space between the ueedles 
of the spiral above, or below as the case may be. 

As the stem gradually elongates the needles are carried slightly 
apart, and the resulting space above each needle forms a chamber 
which is later on taken possession of by the young offspring of the 
Chermes mother. The deeply grooved inner (ventral) side of the 
needle forms the floor of this chamber, whilst the two needles of 
the spiral above each contribute a half towards the formation 
of the roo£ It will thus be seen that each individual leaf 
participates in the formation of three distinct chambers, its 
ventral side forming the floor of the chamber above it, and the 
grooves on its dor^ side each forming one-half of the roofs of 
the two chambers below it to right and left. 

At a later sti^e these chambers become closed in by the 
development of thick tumid lips around their mouths. 

About the beginning of May the shoots begin to emerge from 
the bud-scales but the galls are not at once visible since the 
base of the shoot is still concealed in the persistent basal bud- 
acales. They soon however make their appearance and the galls 
then enter on the second stage of their existence, the history 
of which must be left at present as my examination is not yet 
completed. 

But to return to the insect. Whilst the changes described 
above have been ^roceedin^ in the bud, the Chermes larva has 
been steadily sucking and increasing in size. She has secreted 
a quantity of white wool-like wax, which, while it entirely conceals 
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her, renders her position most conspicuous. She undergoes three 
ecdyses before reaching maturity, and the cast skins may be found 
lying beside her in the '' wool." As soon as she reaches maturity 
she commences to lay eggs, and continues the process through 
May and on into June, until a heap of some hundreds of eggs 
accumulates beside her. E^h egg is attached to the stem by a 
delicate hair-like stalk. The first eggs begin to hatch soon a^er 
the gall has emerged from the bud-s^es, and the minute larvae 
at once creep up the shoot and establish themselves in the 
gall-chambers, where they find a fleshy succulent tissue already 
prepared for them. They at once commence sucking and became 
entirely enclosed within the chambers by the development of the 
tumid lips previously referred to, and here they remain until the 
galls open. 

These then constitute the most important events which 
characterise the development of the galls during the first stage 
— that is whilst still enclosed in the bud-scales. 

One very noticeable feature is the apparent absence of any 
effort on the part of the plant to resist the attack, for the insect 
appears to have everything its own way. This is I think chiefly 
due to the fact that the snoot is enclosed in the bud-scales, which 
exclude lig^ht and air, and thus keep the tissues of the shoot 
in a plastic condition. Next season I hope to carry on .some 
etiolation experiments which will probably throw considerable 
light on this point. It is of course also due in part to the 
insect having, as it were, stolen a march on the plant, forcing 
the young shoot to develope before it was fully prepared. 

Although my examination of the later stages is not yet 
complete I have seen enough to convince me that the conditions 
are reversed in the next stoge, and a great effort is made bv the 
shoot to overcome the influence of the insect. And this enort is 
to some extent successful in so far as the shoot is enabled to limit 
the insect's sphere of influence to the area over which it has 
already gained sway. But the effort is made too late, and alwm 
ends in the death of the galled portion of the shoot, if not of the 
whole shoot 

With regard to the ultimate cause of the gall-formation there 
is, I think, good reason to believe that it is due to an injection by 
the Chermes mother. It would be out of place in this paper to 
give the reasons for this belief in detail, but the behaviour of the 
chlorophyll, tannin, protoplasm and nuclei, and the gradual radia- 
tion of the influence in every direction all seem to point to an 
Injection as the cause. Further, if the insect be removed, say a 
week afler it has commenced to suck, the abnormal growth is not 
brought to an end. ^ The gall continues to develope, and emerges 
from the bad-scales just ae if the insect had never been removed. 
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The only possible explanation of this posthumous growth appears 
to me to be, that the poison injected during that week of the 
insect's life continues to act on the tissues of the plant after the 
death of the mother. 

But this naturally gives rise to another question. If the 
iDsects of one genen;>tion inject some fluid into the plant, surely 
the insects of the other generations, the Alatae, the Colonici, the 
Sezuparae, etc., must also be supposed to inject a poison when 
they are engaged in suckine. How then is it that they do not 
cause the formation of a galft Why does the injection answer in 
one case and not in another even on the same tree ? 

The answer to this is, I think, that the injection will only give 
rise to gall-formation when it acts, not only on embryonic tissues, 
but on embryonic tissues which are not confined by the presence 
of other lignified or cuticularised tissues. We have seen how such 
feebly lignified tissues as the protoxylem strands were sufficient 
to turn the course of gall-formation from concentric to excentric. 
Again, when the gall emerges from the bud-scales the gall area is 
at once confined to the region already affected in consequence 
of the exposure to light and air, which results in the hardening of 
all parts which still remain normal. 

The behaviour of the Larch needles when attacked by the 
larvae of Generation lY. also confirms this. The young needles 
when they first emerge from the buds are exceedingly tender, and 
if attacked at this stage, they at once respond to the influence. 
Each needle becomes bent into the shape of a knee at the point 
where the insect is seated, and very frequently the "knee" is 
distinctly swollen, shewing that the tissue has responded to a 
sli/Brht extent and formed a minute mil. The needles however 
quickly harden under the influence of light and the gall developes 
no further. When the needles are older and harder the attacks 
produce neither bending nor swelling, but the chlorophyll still 
responds in exactly the same way as it does in the Spruce gall. 
It disappears, leavmg a yellow spot to mark each place where an 
insect nas been seated. When old Spruce needles are attacked 
by the Alatae, the Sexuparae or the Sexuales, the same thing is 
ajqparent, and I have little doubt that the injection is the same 
in all cases, but that the hardening of the surrounding tissues 
prevents the formation of a gall. 
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Note on some peculiar feaJbwree in seedMnge of Feperomia. By 
Mr A. W. Hill. 

[Read 28 November 1904.] 

The seedlings of Peperomia umbilicaia were found in the 
Andes of Bolivia at about 13,500 feet above sea-level. The specieB 
is a fifeophilous one with small bulbs and peltate leave& 

The peculiarity of the seedlings lies in the fact that, though 
they are dicotyledonous in structure, only one of the two cotyle- 
dons leaves the seed to exercise the functions of an assimilating 
organ ; the other remains permanently in the seed as an absorbent 
organ. 

The other bulbous species from the Andes apparently shew the 
same features of germination, and several other species from Central 
America, preserved in the Herbaria of Eew and South Kensington, 
whilst differing in their vegetative habits, shew a similar type of 
germination. 
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On the dynamical significance of Kundt's law of selective dis- 
persion, in connexion wtih the transmission of the energy of trains 
of dispersive waves*. By J. Larmor, M.A., St John's College, 
Lucasiaii Professor of Mathematics. 

[Bead 14 November 1904.] 

1. This subject has been treated by the writer, Phil. Trans. 
1897a, p. 243. If we are content with a naive theory of an inde- 
pendent vibrator for each line of the spectrum, or even with a 
conception of a molecule as a connected dynamical system vibrating 
about a position of rest, it is readily inferred that the index of 
refraction always trends upward with increasing frequency, so as 
to be abnormally great on the lower side of an absorption band and 
abnormally small on the upper side of it, as was originally remarked 
by Eundt to be actually the case in anomalously dispersive media. 
But when the molecule is considered, as it must be, notwithstanding 
analytical diflBculties, to be a dynamical system vibrating about a 
permanent state of steady cyclic motion, the gyrostatic terms in 
the equations of its vibrations render a theoretical discussion of 
Kundt's law difficult, and it was not then completely effected ; 
though it was easy to see that the law should be connected with 
the necessarily positive quality of the vibratory energy. A recent 
paper by Prof. Lamb, m Proc. Math. Soc, consequent upon a 
remark by Prof. Schuster, seems to afford a key to the matter. 

When we speak in optics of wave-length X«, we can only mean 
light of wave-lengths comprehended within a small interval Sk 
around Xo, — that is a train of undulations of wave-length uncertain 
from point to point within this intierval Sk, which is itself a 
measure of the defect of purity of the beam. There is no such 
thing aj3 an absolutely homogeneous train of wave-length exactly 
\. Now Sir George Stokes has explained (Smith's Prize Ex- 
amination Questions, 1876) how in such an undamped train, nearly 
homogeneous, the velocity of propagation, considered as the rate 
at which the actual disturbance travels onwards, is in a dispersive 
medium not the wave-length \ of the wave-form divided by its 
periodic time r, but is 




* The ilnl ■eoUon of thii note wm oommanioated to the British Aasoeiation at 
the meeting in Cambridge last Angost. 
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And Lord Rayleigh has verified (Proc, Math. 8oc. 1877; 'Theory of 
SouDcl/ vol. i, Appendix) by a direct analysis of high generalitv that 
the energy of the undulations is in fact conveyed witn this velodtj. 
Thus if the medium could be such that the frequency diminished 
with diminishing wave-length, the energy would travel backwards, 
namely in a direction opposite to that in which its wave-form is 
propagated. The question considered by Schuster and Lamb is 
as to whether this is actually possible. Examples are given by 
Prof. Lamb of infinitely extended trains in which it occurs. But 
such a train requires to be fed with energy, so to speak, at both 
enda With a train of light advancing across a dispersive medium 
from one side only, the case cannot occur, for the energy cannot 
become negative*. 

The curve of dispersion is usually constructed with the fre- 
quency V, equal to t~^ as abscissa, and the index of refraction fi 
as ordinate. If c is the velocity of light in a vacuum 

Thus the group velocity U is cdvjdifiv). Hence 

c d(jip) du, 

This must be positive ; thus dfi/dv can indeed be negative, but 
the greatest allowable negative value at any point is — fi/v. So 
far then as this present condition goes, the dispersion curve may 
trend downwards, but to a limited extent, outside a band of 
absorption, whereas upward trend is unrestricted. The condition 
that a source of radiation must be emitting, not absorbing, energy 
thus allows the dispersion curve to be an undulating line in a 
region not containing absorption bands, but with a limit to the 
steepness of the downward steps of the curve. In a region of 
absorption this restriction is not imposed; hence the trend will 
usually be downward. Thus the character of the curve of dis- 
persion would be in the main that remarked by Kundt, though 
the present consideration by itself does not require an upward 
trend in transparent regions to be invariable. 

2. The general analytical verification of the rate of propaga- 
tion of energy by Lord Rayleigh, above mentioned, prompted by a 
more special discussion by Prof. 0. Reynolds, involves use of the 
proposition that the mean energy, in stationary or progressive 

* This argument would be eraded U we ooold snppoM thai the waTe-fonn 
trayels backward: bat in the case of ^ train which Ib not endlcBs, the waye-form is 
of neceisity propagated forwards, tlu t >*> ^ ^* direction in which the front of the 
train adTancea. ^* 
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vibratory systems, not affected by viscosity, is on the average half 
potential and half kinetic. The ultimate foundation of tnis im- 
portant general principle seems to be adequately contained in the 
following remark, and more abstruse considerations are hardly 
necessary. The characteristic of all kinds of steady standing 
vibrations or undulations in a non-dissipative system, however 
ocmplicated in its structure, is that each particle of the system 
describes an orbit in simple harmonic motion. For each particle 
therefore the two kinds of enerfi;y, kinetic and potential, are equal 
on the average ; and this includes their equality in the aggregate. 
For uniform trains of progressive waves similar considerations 
remain applicable. The argument extends also to the most com- 
plex types of dispersive media, in cases where absorption^ is 
negligible : it is to be noticed that the energy that is ' propagated ' 
with the group-velocity is there the energy in the ether, together 
with that of the vibratory disturbance of the stationary molecules, 
— ^which latter is on the theory of cyclic systems of Kelvin and 
Routh a perfectly definite quantity added on to the intrinsic 
kinetic energy of each molecule. 

3. The principle involved in propagation by groups may be 
somewhat generalised, thus affording insight into its essential 
character. An equation 

y^Af{nx-pt) 

represents a disturbance whose profile is of the form y » Af{nx), 
propagated onward with uniform velocity p/n. When the form is 
a periodically undulating one the equation represents a progressive 
wave-train of definite wave-length. The problem is to specify the 
general features, if any, presented by an aggregate of related 
progressive forms, all differing but slightly from a central type 
y °^/(»«^— />eO ^^^ otherwise undetermined. We may represent 
one of these component forms by By = BA ./{(n^ + Bn) a? — (po + Sp) t], 
where Sn and Sp are treated as infinitesimal. The definiteness of 
type of the forms under consideration implies that n is given as 
some function of p, so that Bn/Bp is here a function of p^ and so 
constant^ say U^. The application of Taylor's theorem allows us 
in general to express the component form above mentioned as 

By = BAf(n9X'-p^t)'^{Sn,a!^Sp.t)BAf'{n^x—pot), 

This expansion holds so long as Bn.x — Bp.t is small : that is, it ia 
valid for the neighbourhood of a point travelling with the definite 
velocity Bp/Sn, say U^. Under this restriction, the aggregate of a 
crowd of such closely related progressive forms is therefore repre- 
sented by an equation 

y = ^ (fl? — U^t) F{nQX —p^t). 



Thus, to an observer travelling with velocity U^, so that x * U^i 
remains constant, the aggregate disturbance in his neighbourhood 
has the features of a simple disturbance of type y='CF(n9X-ptt\ 
namely of form y = CF{n^x) travelling with velocity p^jn^. This 
resultant form y ^ CF(nQx) is not the same as the original standard 
form y ^ Af{n^x\ belonging to the components which make it up. 
But if the component form is represented by a sine or cosine, the 
resultant is also of that type; and an observer travelling with 
velocity Uq then keeps in touch with a steady aggregate dis^ 
turbance of the standard type, which travels as a group in 
company with him. 

The generalised result is the proposition that the local 
features of a train formed of disturbances of nearly identical types 
travel with a definite velocity, different from the velocity of 
propagation of the individual waves, and therefore travel through 
the waves; but the travelling group is of the same type as the 
individual disturbances whicn in tne aggregate give rise to it, 
only when these latter are simple harmonic trains represented by 
sines or cosines. 

Thus, for example, we may for an instant imagine a radiation, 
the aggregate of an indefinitely great number of similar discrete 
radiant pulses shot out from the radiating molecules, each puke 
being propagated without change of type with a velocity de- 
termined by the scale of its dimensions in space of time : in the 
aggregate they would present the appearance of disturbances 
travelling onward with the group-velocity determined above, 
but there would be no similarity between these groups and the 
original type of pulse. This illustration is however purely ideal, 
for the dynamics of propagation require that it is onlj single 
harmonic wave-trains that can travel unchanged in a dispersive 
medium. 
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An attempted Syntheeie of Uric Acid. By H. J. H. Fsnton. 

[Bead 14 November 1904.] 

Most of the so-called derivatives of uric acid have been syn- 
thetically prepared by condensation of their characteristic parent 
adds with urea, but in the case of uric acid itself this direct 
synthesis has not been effected owing to the fact that its parent 
acid — trihydroxyacrylic acid — is yet unknown. 

It has been shewn by the author in previous communications 
that by the oxidation of dihydroxymaleic acid with ferric or mer- 
curic salts it is possible to obtain the semi-aldehyde of mesoxalic 
acid CHO.CO.COOH, and it is evident that the aldehyde 
hydrate of this might be tautomeric with the desired trihy- 
droxyacrylic acid. 

Attempts are now being made to bring about the condensation 
of mesoxalic semi-aldehyde with urea and it seems not improbable 
that under &vourable conditions the synthesis of uric acid might 
be accomplished according to the following scheme : 

H.C:0 HC(OH), OH.C.OH /NH.O.NH 

I I II W( II \ 

0:0 --0:0 -^ OH.C -^ NNH.C 00 

0:C.OH 0:0.0H OrC.OH 0:C.NH 

or that, foiling this, an acid isomeric with pseudo-uric acid might 
result, namely, 

glyoo-uril carboxylic acid 

H 



^NH.ONHv 

r I ^( 
Nnh-cnh/ 



OOOH 
When the condensation is attempted in aqueous solution carbon 
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diolide is evolved and a very sparinglv soluble crystalline sub- 
stance is obtained, which proves to be glyco-uril 



/NH.O.NHv 

co; I ;co. 
Xnh.c.nh/ 



This compound was obtained in the first instance by reduction 
of allantoin with sodium amalgam (Reineck), and afterwards by 
condensation of glyoxal with urea (SchifiF). In the present case 
its production probably results from decomposition of fflyoo-uril 
carboxylic acid and not from the previous formation of glyoxal, 
siuce mesoxalic semi-aldehyde itself is relatively stable under 
the conditions of the experiment; but this matter requires 
further investigation. 

The properties of glyco-uril have been carefully studied by 
many investigators, but a remarkable colour reaction, whicn 
appears to be very characteristic, has been overlooked. If the 
substance is evaporated to dryness on a water-bath with strong 
nitric acid and the residue treated with caustic soda only a slight 

Eink or orange colour is obtained, but on the addition of sodium 
ypochlorite this changes to an intense purple. 
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Vote on the Diffusion of Hydrogen through PalladixmL By 
0. W. Richardson, M.A., Trinity College. 

[Recewed ]5 Noyember 1904.] 

The rate of diffusion of hydrogen through a palladium tube 
ha« been examined quantitatively by Winkelmann*, who found, 
ooDtrary to what one might expect d priori, that the mass bf gas 
diffusing in unit time at constant temperature was proportional to 
the gradient of a power of the pressure less than unity. Winkel- 
mann explained this result by supposing that the hydro^n 
dissociated and that only the atoms had the power of diffusing 
through the metal. More recently an interesting research on the 
same subject has been published by G. N. St Bchmidtf , whose 
conclusions might tend to throw doubt on the advisability of the 
aasumption of dissociation. 

The difinsion of hydrogen through platinum was also ex- 
amined by Winkelmann^, who again found that the pressure 
variation could be explained on the hypothesis that dissociation 
occurred. A more detailed examination of this subject has been 
made by the author conjointly with J. Nicol and T. Pamell§. 
The principal results of this investigation were that the rate of 
diffusion varied, (1) as the gradient of the square root of the 
pressure, down to pressure differences of 3 mm., and (2) as an 
exponential function of the temperature of the tube. All the 
results were found to be accurately expressed by a formula de- 
duced theoretically on the hypothesis that the hydrogen inside the 
metal was in a state of dissociative equilibrium and that only the 
dissociated atoms diffused freely. The experiments yielded no 
evidence of an appreciable amount of dissociated hydrogen outside 
the metal. 

In view of the consistent explanation of the diffusion of 
hydiGsen through platinum furnished by the dissociation theoir 
and the genertJ similarity in the phenomena as regards both 
metals, it does not seem too much to suggest that a hypothesis 
which appears to fiimish a complete expumation of the one case 
should not be lightly rejected as regards the other. The object of 
the present note is to point out that some of the objections to the 

* Dndt^B Amu ToL ti. p. 104. f lb. Vol. xni. p. 747. 

t lb. Vcd. vm. p. SSa | PHL Mag. S. 6, YoL vm. p. 1. 
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dissociation hypothesis raised by Schmidt's work are not so great 
as might appear at first sight 

Before proceeding it is necessary to remark upon one impor- 
tant difference in the nature of the substances which result wnen 
hydrogen is absorbed by platinum and palladium respectively. 
It seems now to be generally admitted that the balance of evidenoe 
is in favour of both cases being manifestations of solution rather 
than of chemical combination. The work of Hoitsema* indicates 
that in the case of palladium hydrogen, if the composition lies 
between certain limits, a mixture of two immiscible solutions is 
formed : whereas, so fsir as is known, in the case of platinum this 
does not occur. Naturally the occurrence of two immiscible 
solutions together would considerably complicate the di£FusioD 

Ehenomena; but fortunately all Schmidt's experiments seem to 
ave been made at pressures slightly lower, or temperatures 
slightly higher, than those at which the solution of greater 
hydrogen concentration begins to form. This probably explains 
why irregularities were encountered when it was sought to push 
the experiments to lower temperatures. 

The authorf has shown that the rate of flow through a slab of 
solvent of thickness d, of a diatomic eas which dissociates in 
solution, when the amount of the external gas which is dissociated 
is negligible, is given, per unit area, by the expression 

[2(p.-p.)+f©*w-p.»)]^. 

where Po> ^i cure the gas pressures on the sides ; 

/ii, /i, are the coefficients of dififusion of the molecules and 
atoms respectively ; 

A is the partial solubility of the undissociated gas, 

and k^ is the constant of the reaction H9^I^2H inside the 

metal 

This formula applies to anv case where the properties of the 
solution are contmuous, and therefore will presumably apply to 
Schmidt's experiments on palladium if the dissociation theory 
is true. 

The first point is to enquire how the rate of difiusion varies 
with the pressure at constant temperature. Winkelmann^, who 
had zero pressure on one side of his tube and pressures up to atmo- 
spheric on the other, found that the rate of diffusion varied in one 
experiment very nearly as the '71th power of the pressure, which 

* ZeiUchHft PhuHkal. ChemU, ToL zm. p. 1. 
t PhiL Mag. S. 6, Vol. vu. p. 366; VoL vm. p. 14. 
X Drud€*$ Ami. YoL vx. P* 104. 
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would come within the range of the above formula. Schmidt*, 
however, finds that his results agree more nearly with the view 
that the rate of diffusion is proportional to the pressure difference 
on the two sides. These statements are not however necessarily 
contradictory, as the experiments were not made under the same 
conditions. In Schmidt s case there was a high pressure on both 
sides of the palladium tube so that the square root term would 
not be proportional to the square root of the difference of the 
pressures, but to the difference of the square roots of the pressures. 
Now the differences of the square roots of a series of numbers 
Uke a, a 4 6, a + c, etc., where 6, c, eta are small, are approximately 
proportional to the differences c, 6. Hence, unless the experi- 
ments of Schmidt were verv accurate we should not expect them 
to be capable of deciding how tbe rate of diffusion varied with 
the pressure. 

A closer examination of Schmidt's numbers fully substantiates 
this conclusion. The numbers given in Tables XIV — XXVII of 
his paper are the times necessary for the volume of hydrogen 
insiae the apparatus to increase by 1 cm. of the barometer tube. 
If Pi is the pressure and the temperature of the gas in the 
barometer tube it will be readily seen firom the data given that 
the number of gram molecules which correspond to this increase 
in volome is given by 

O^Q p 

•4006 X 6'93 X 10-^ X ^^q g - 

Now 273 + is constant during the experiments within the 
total experimental error so that the mass of gas diffusing per 
second v^es as Pi/t, where t ia the value given in the third 
column of the tables cited. Hence if the rate of diffusion were 

proportional to the pressure difference (Po — Pi) p- should be con- 

•* 1 

slant, if it were as the square root of the pressure (P^^ — Pi^) -^ 

would be constant, whilst on the general dissociation theory this 
constant quantity would be one of the above terms plus a constant 
quantity into the other. 

To test the relative agreement of these formulae values of 
(P.-Pi)t/Pi and (P,*-.Pi*)*/Pi calculated from Schmidt's 
numbers are given in the following table. The first column gives 
the table in Schmidt's paper from which the numbers are taken, 
the second the temperature in degrees centigrade of the palladium 
tube during the experiment, the third the values of t/ri, whilst 
the fourth and fifth contain values of (Po-Pi)«/P, and (Pa*-Pi*)«/Pi 
respectively. 

* loe. eit. p. 767. 
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I 


II 


III 


IV 


V 


Table 


Tempentnie 
Centigrade 


tIPi 


{P.-P^)tlP^ 


(P.*-Pi*)e/P, 


XXTT 


300* 


•224 
•286 
•366 
•603 


6-72 
716 
732 
7-55 


•441 
•454 
•464 

-447 


XXIV 


290* 


•240 
•288 
•366 
•473 


7-20 
7^20 
7-32 
710 


•468 
•458 
•458 
•435 


XXV 


222* 


•408 
•508 
•608 
•887 


12-24 
12-70 
12-16 
13-30 


•799 
•804 
•748 
•798 


XXVI 


218* 


•433 
•528 
•668 
•860 


1299 
13-20 
13-36 
12-90 


-844 
-840 
•836 
-792 


XTV 


170* 
166* 
140* 


•98 

•84 

163 


29-4 
25-2 

48-9 


1-91 
1-61 
318 


XV 


300* 
226* 
149" 


•246 
•431 
151 


7-38 
12-98 
45-30 


•479 

•840 

2-940 


XVI 


282* 


•239 


717 


•466 



The constancy of the numbers in columns IV and V for any one 
temperature serves as a test between the two formulae, and for 
this purpose the first four \ot^t ®^^ ^' which was taken under 
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identical oonditioiis except for the pressure variation, are of most 
value. It will be obeerved that the values from Tables XXII 
and XXV give the greatest constancy with the square root 
formula, those finom Table XXIV wree best with the direct 
formula, whilst in the case of Table XXVI the agreement is about 
the same in both cases. We conclude therefore that the range of 
pressure differences employed by Schmidt is not great enough to 
settle this question. 

It may perhaps not be out of place to point out that, if we 
may assume the term involving the square roots of the pressures 
to be the more important of the two, the values nven by Schmidt 
for the quantity of gas diffusing in unit time at different tempera- 
tures are in agreement with what we should expect on the dis- 
sociation theory. On that view the temperature variation of the 
rate of diffusion depends almost entirely on the variation of k^ the 
dissociation constant of the hydrogen inside the metal, which in 
torn IB given by the formula k^ » COtr^f^, where C is a constant 
and } is the heat necessary to dissociate one molecule of hydrogen 
inside the metal. Following the method of calculation in Phil. 
Mag,, Ser. 6, Vol vni. p. 23 we find 

log„X + ilog„fl = B+g2^1/d. 

where L is one of the numbers in column V of the preceding table 
and £ is a constant. 

The following values were obtained by taking the means for 
neighbouring temperatures of the numbers previously quoted 
from Tables XIV— XVI of Schmidt's paper. 



I 


n 


III 


Mean Temparatiire 
Centi^^ade 


11$ ataolate 


logio^ + 41o«»^ 


144* 
168* 
225* 

29r 


2-40 X 10-> 
2-27 X 10-» 
2-01 X 10-> 
177 X 10-» 


1-796 
1-570 
1-273 
1-0505 



It will be noticed that the numbers in columns II and III come 
▼eiy near to satisfying the linear relation given above. 

If we calculate the value of q for the above figures we get 
10'88 X 10* calories. The corresponding value for hydrogen 
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dissolved in platinum was found to be 9*125 x 10* calorie& 
These q^uantities are of the same order of magnitude as the heats 
of solution of one gram molecule of hydroeen m the metals, which 
were found by Afond, Ramsay, and Shields* to be 8*74 x 10* and 
13*22 X 10* calories for palladium and platinum respectively. 
It will be noticed that if the dissolved hydrogen is practically all 
dissociated the sum of these two quantities for any one metal 
would be the heat of solution of H, if no dissociation took place. 

This note will not altogether fail in its purpose if it succeeds 
in drawing attention to the fact that fresh experiments on this 
subject are required. No doubt accurate experiments are more 
difficult to make with palladium than with platinum, and to 
obtain unexceptionable results two points must be carefully borne 
in mind. One is to make certain of the pressure law by using as 
great a range of pressure differences as possible, and the other is 
never to let the external pressure become so great as to admit of 
the formation of two immiscible solid hydrogen solutions inside 
the metal. 

* Phil. Tram. A. Vol oxci. p. 105. 
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Some Optioallv Active Nitrogen Oompounde. By Miss M. B. 
Thomas and H. O. Jonss, M.A., Clare College. 

[Read U November 1904.] 

The work was ondertaken in order to institute a qaantitative 
comparison of the molecnlar rotatorypowers of different subeti- 
tated qnatemary ammonium bases. The compounds of this type 
which have hitherto been described give salts with camphor* 
sulphonic and brom-camphor-sulphonic acids which are stable and 
easdy soluble in water. These salts can, in many cases, be resolved 
into their d and I components by fractional crystallisation from 
suitable solvents. Since the molecular rotation of salts of active 
icids and bases in dilute aqueous solution is the sum of those of 
the acidic and basic ions, the rotation of the basic ion can be 
obtained by subtraction of that of the acidic ion from the total 
molecular rotation. Since the rotatory power of an ion appears to 
be unaffected by many of the conditions which alter that of liquids 
or of non-electrolytes in solution to a considerable extent, it is 
possible that any regularities which exist may be more evident 
m the Values for ions. The bases investigated are those in which 
three of the groups substituting ammonium hydrogen atoms 
(phenyl, benzyl, and methyl) are kept the same, while the fourth 
is successively replaced by the isopropyl and isoamyl radicals. 
The brom-camphor-sulphonates or camphor-sulphonates of these 
bases respectively were prepared by Pope and reachey's method, 
and fractionally crystallised until a constant rotation was obtained. 

PhenyHensyl-ieopropyl-methyl ammonium iodide was obtained 
by mixing methyl-isopropyl-aniline with benzyl iodide in mole- 
calar proportions. The iodide thus formed was recrystallised from 
methylated spirit (mlp. » ISS"" C.) and heated with the calculated 

Quantity of silver d brom-camphor-sulphonate in ethyl acetate. 
*be solution after filtration from the precipitated silver iodide de- 
posited crystals of phenyl-benzyl-isopropyl-methyl ammonium d 
Drom-camphor-sulphonate (m.p. » 184'' C). This was recrystallised 
from (1) ethyl acetate or (2) waier. The salt of the laevo base is 
the less soluble in both liquids, and after three crystallisations 
from either, a constant molecular rotation {[M]j) » ^ 123'') in dilute 
aqueous solution was obtained. Thus for the laevo basic ion 
[«]d« — 393* ([JTId for d brom-camphor-sulphonic ion = 270'*). 

Iphenyl-^fenMyl-ieopropyl-methyl ammonium iodide was precipi- 
tated from the brom-camphor-sulphonate by addition of potassium 
iodide to the water solution. The active iodide melts at a slightly 

VOL. xin. PT. I. 3 
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lower temperature (132^) than the inactive iodide and crystallises 
in quite a different form. 

The crystals of both iodides have been examined by Mr Dain, 
of Clare College. The laevo iodide crystallises in the tetragonftl 
system, whereas the ciystals of the inactive iodide belong to the 
oolique system. The inactive iodide must therefore be a racemic 
compound : the melting point of either iodide is however depressed 
only very slightly by admixture with the other. 

The active iodide is stable in alcoholic solution and [Jflo in 
absolute alcohol » — 428°. It is however racemised in chloroform 
solution, a solution with a molecular rotatory power [if]i> « — 508* 
becoming completely inactive after two days. 

Phenyl'benzyl'isoamyl-methyl ammonium iodide was prepared 
by treatment of methyl-isoamyl-aniline with the theoretical quan- 
tity of benzyl iodide. After crystallising from alcohol it formed 
small prisms which melted at loe^'C. The d camphor-sulphonate 
was prepared from it in the usual manner. The salt of the laevo 
base is the less soluble in acetone, but many recrystallisations are 
required before the separation of the d and / constituents is com- 
plete. After twenty recrystallisations the salt melts at 178^ 
S'S"" C. and has \M]j) » — 317°, and the rotation is not yet constant. 
The value of [m\]) for the cl-camphor-sulphonic ion is 51*7° eo 
that the basic ion already has a molecular rotatory power of nearly 
— 370°. The iodide recovered frx>m the camphor-sulphonate melts 
at the same temperature as the inactive, gives [M]p » » 478° in 
alcohol, and racemises in chloroform solution. 

A comparison of these results with those obtained for the 
corresponding ethyl and allyl compounds shows: 

(1) That substitution of the isopropyl or isoamyl for the ethyl 
group causes a change in the molecular rotation of more than 
370° and 350° respectively ([M]j) for phenyl-benzyl-ethyl-methyl 
ammonium ion >■ 19°). 

(2) Substitution of isopropyl or isoamyl for allyl increaeee 
the molecular rotation to a great extent ([ii]i> for phenyl-benayl- 
methvl-allyl ammonium ion « 166°). 

These results are strikiug, and several other compounds are in 
process of resolution in the hope that some regularity in the effect 
of the various radicals mav be observed. It is noteworthy that 
the effect of an unsaturatea group in increasing the rotatory powsTi 
which is so frequent in other series of compounds, is not shown in 
this series. 



Mr Dcnofuter, On the Inheritance of Colours in Cats. 35 



On the Inheritance of Tortoiseshell and Related Colours in 
Cats. By Ll Doncajbter, M.A., King's College. 

[Bead 28 November 1904.] 

It is well known that Tortoiseshell cats are almost always 
females, and it is commonly said that the corresponding colour m 
males is orange (otherwise described as red or yellow). In the 
hope of throwing light on certain other cases of varieties confined 
to one sex I was lea to inquire into the matter more fully, and 
with that object wrote to a number of owners of pedigree cats 
asking for further information. I received a considerable number 
of replies, which are so closely in agreement that there can be 
little doubt about the accuracy of the statements, and it is wholly 
upon the evidence so obtained that this note is based. 

Tortoiseshell kittens may be obtained from the following kinds 
of matings : 

(a) Tortoiseshell $ x Tortoiseshell ^. 

(b) „ X black or blue ^. 

(c) „ X orange </•. 

(d) Orange $ x orange tf. 

(e) „ X black or blue ^f, 
(/) Black or blue $ x orange ^. 

In all of these matings in addition to Tortoiseshells, kittens of 
other colours may appear, viz. : 

(a) Tortoiseshell f x Tortoiseshell ^ gives Tort., orange, 

black. 
(() Tortoiseshell $ x black or blue <^ gives Tort. $ , orange 

c/-, blacky, ?. 

(c) Tortoiseshell f x orange <^ gives Tort., orange, black. 

(d) Orange $ x orange ^ gives either Tort, orange (and in 

one case blue, see bSow) ; or, only orange. 

(e) Orange $ x black ^ gives Tort. $ , orange ^. 

(/) Black $ X oraage ^ gives Tort, black (and probably 

orange). 
(g) Black { x black ^ gives only black (or blue). 

From these facts it is clear that tortoiseshell is a heterozygous 
form ; it is produced by mating orange with black, both of wnich 
can be bred true, but in the rare cases when a tortoiseshell f has 

3—2 
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been paired with a tortoiseshell ^, orange and black kittens have 
been produced in addition to tortoiseshells. The question then at 
once arises, why are tortoiseshells almost exclusively females, the 
number of certainly known males of this colour being very small ? 
The answer appears to be that in the male orange is completely 
dominant over black, while in the female the dominance is in- 
complete, and tortoiseshell results. On this hypothesis all the facts 
given above are explicable : for example, in mating (e) oranse $ 
X black ^ gives only tortoiseshell and orange kittens, since both 
the parents are homozygous, and of the oirapring (heterozygous) 
the females are tortoiseshell, the males orange. In the reverse 
mating (/) black $ x orange ^, the male may be heterozygous, 
and hence blacks appear in tne offspring. If black be represented 
by By orange by 0, we get 

(«) BxO; (/) BxBO 



BO? B6^ BB^»? b6? BOiT 

TortoiseBhell Orange Blaok Torknieahell Onnge 

In the same way in mating (b) tortoiseshell $ x black ^, orange 
appears in the ofispring, since the male heterozygotes are orange, 
the female tortoiseshell. 

This accounts also for the fact that orange females are very 
rare, although males are common, for in all matins^ in which one 
of the parents is black, orange can appear only in the male 
ofispring. If therefore the great majority of orange males contain 
recessive black, when they are paired with tortoiseshells, only 
a quarter of the kittens will be pure orange, and only half of these 
female& 

In addition to the evidence concerning the relations between 
orange and black, I have obtained a quantity of information 
respecting cream and blue. These two colours appear to be 
dilute forms of orange and black, and have exactly similar re- 
lations to one another. Two blues, from yellow ancestors, when 
paired together give onlv blue offspring, and are therefore homo- 
zygous ; a cream f x blue ^ gives blue tortoiseshell (blue and 
cream) females, cream males, but no blues ; a blue $ x cream 
^ on the other hand gives blue tortoiseshell females, blues of 
both sexes (and possibly cream males, but of this I have no 
certain evidence). Blue tortoiseshell f x blue ^ gives blue 
tortoiseshell females, blues of both sexes, and creams (mostly, 
possibly always males); blue tortoiseshell $ x cream ^ gives blue 
tortoiseshell females, blues and creams of both sexes. These 
results are exactly like those obtained with orange and black, and 
can be accounted for completely on the hypothesis that cream is 
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dominant over blue in the male, bot in the female the hetero- 
z7gote is the blue tortoiseshell. 

Creams may be obtained by pairing orange with blue, i,e, the 
dilution may be transferred from the blue to the orange, yielding 
cream; but this does not take place in all the kittens, since 
orange, blue, and tortoiseshell may also appear. It seems also 
that although in the female orange is not completely dominant 
over black, yet it may contain recessive blue, for in one case 
an orange female with blue in its ancestry, when paired with an 
orange male, gave three' tortoiseshell females and one blue male. 
Orange may probably contain recessive cream in either sex, and 
black is certainly a simple dominant over blua 

To illustrate the above I give two genealogical tables *. 



(1) 



Orange ^ x Tabby Tort. ? Orange ^ x Blsok ? 

I 



BliM <r xTort.? 



Black ^ X Tort. $ 



Oiange <r x Blaok ? 



BlMkiT 

L_ 



Orange ^ 



Orange ? 



Tort. ? 



W 



Bins e X Blue ? Blue ^ x Orange 9 
Blue ^ 

I 



Tort. ? 

Orange x Orange Bine x Bine Cream ^ x Tort. 

^ tort. (from ailver $ 

I ? tobby strain) 

Cream ^ x Cream $ 



T 



X Blue tort ^ 



Cfaream ^ 



J 



Blue ^ X Gxeam % 

I 



Bine e X Cream 9 



Tabby tort ? 



8 Cream <r <r 
1 Blue tOTt. ? 

* For the seeond taUe, with many othen, I am indebted to IfiM W. Beal; for 
tlH flnl, ebiefly to Wm A. M . Boper. 
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Several smaller points remain which are not quite dear. 
On the hypothesis that in the male orange is dominant over black 
and cream over blue, while in the female these combinations give 
tortoiseshells, yellow males should result from the pairing black $ 
X orange ^ (or blue f x cream ^). I have obtained no certain 
evidence that this occurs ; my correspondents mention black 
(or blue) and tortoiseshell, but say nothing of yellows, but in one 
mating of this kind a male tortoiseshell was produced. 

Male tortuiseshells are occasionally obtamed, and it must be 
supposed that in them the dominance of the orange is incomplete. 
A tortoiseshell ^ paired with a female of the same colour fi^ves 
tortoiseshell, orange, and black kittens. I hear however of one 
case where a tortoiseshell mated with his own daughters of the 
same colour produced almost entirely orange or orange-and-white 
kittens, and a small proportion of blacks; with other tortoiseshell 
females my correspondent says ''he sired tortoiseshells freely." 

All the colours mentioned may be associated with a certain 
amount of white, and this reappears in the offspring without 
affecting the inheritance of other colours ; the presence of white 
(%,e, the piebald character) seems to be a separate allelomorph as 
in the case of rats and mice. 

My investigation of the inheritance of tortoiseshell colour was 
undertaken in connexion with a general inquiry into the nature 
of varieties confined to one sex, but does not appear to be 
analogous to other cases known to me. 

Varieties confined to one sex appear to be of several kinds ; they 
may be Mendelian recessives,as in the variety Icxticolor of Abraxas 
grossidariata^ exhibited this year at the British Association, and 
in this C€tse by suitabfe mating the variety may be transferred to 
the male. Human colour-blindness is possibly also of this nature, 
but is usually found in the male instead of the female. A second 
type is when a local race resembles the normal form in one sex, 
but differs in the other, e,g, % var. hryoniae in Pieris napi, or 
ff var. rustica in SpUosoma mendica. In such cases a cross 
between the two races yields intermediates, and reciprocal crosses 
give similar results. Finally in the tortoiseshell cat the female 
variety seems to be produced by defective dominance in one sex 
of a colour completely dominant in the other. 

In conclusion I wish to acknowledge my indebtedness to my 
numerous correspondents, especially Miss W. Beal, and Sir 6. 
Alexander, for the large amount of information received from 
them, only a small part of which I have been able to include in 
the account given. 
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On the vibrationa of atoms containing 4, 5, 6, 7, and 8 corpuscles 
and on the effect of a magnetic fisld on such vibrations. By 
J. J. Thomson, M.A., F.RS./OavendiBh Professor of Experimental 
Physics, CSambridge. 

[Received 27 December 1904.] 

The paper contains an investigation of the time of vibration of 
model atoms of some complexity, it was undertaken in the hope 
that the properties of these models might throw some light on the 
effect of a magnetic field on the lines m the spectra of luiiiinous 
bodies. 

Case of Four Corpuscles. 

We suppose that we have four equal corpuscles with equal 
char^ of negative electricity placed within a sphere of uniform 
positive electrification ; when in equilibrium the corpuscles will be 
situated at the comers of a r^ular tetrahedron with its centre at 
the centre of the sphere. We can easily show that if b is the 
radius of the sphere of positive electrification, and a the distance 
of any one of the corpuscles from the centre of the sphere, then 
when the attraction of the positive sphere on the corpuscle is equal 
and opposite to the repulsion exerted by the other three corpuscles 

a^ 8V8 

the positive charge in the sphere being equal in magnitude to the 
sum of the negative charges on the four corpuscles. This result 
may be expressed by saying that when in equilibrium the distance 
between two corpuscles is equal to b. 

Let OS call the equilibrium positions of the four particles 1, 2, 
S, 4 and let us take as our axes of coordinates the lines joining 
the middle points of opposite sides of the tetrahedron. The line 
joining the middle points of (12), (34); (13), (24); (14), (23) being 
taken as the axes of w, y, z respectively ; the coordinates of the 
points 1, 2, 3, 4 are respectively (a, a, a), (a, — a, — a), (— a, a, — a), 
(- «, — a, a), where 3«' « a*. 

If (frf ^n &) ftre the displacements of the rth particle from its 
position of equilibrium, m the mass and e the charge on a corpuscle, 
we can show that the vibrations of the system are given by the 
equations : 

(1) ^-^--*P» •^^""*'' ^^— *^' 
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where 
l> = fi + ft + ft+f4, ?-i;i + i;t + ^t + ^4, ^^fi + C + C+fc, 

and A = — ; 

thus pt qy r which are proportional to the coordinates of the centre 
of gravity of the four corpuscles are principal coordinates and their 

vibrations give three periods each equal to 2ir * / -r . 

If 

l>i = fi + fa-(fs+f4). ?i = «7i + 17, - (17, + 174), n = fi + f,-(Ct + C4), 

i>2=fi+fi-(f«+f4). ?t=ih+^«-(«?t+i?4), r,={:i+g;-({:,+(:4). 

ft = fi + f4-(f» + f,), ?. = i7i + i74-(i?« + i7i), r, = {i + j;-(f,+ (i). 
we find 

«.|(^-*)-o. ™£<^-.0-o. »|;(,.-...o. 

where ^i = -^=}^» 

Ab = ^ = I*. 

Thus the remaining nine principal coordinates of the systeoQi 
which has twelve degrees of freedom, are 

Pi — ?i> ^ — ^11 ?• "" ^«> ^^® three corresponding periods of 
vibration are infinite; 

Pi + ?i» ft + Tj, 9, + rg, the three corresponding periods of 
vibration are 27r 4 / -r- k ; 
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Pi + ?« + r, with a period 2«" y ^; 

Ih - g„ |>i — r, with two periods 2w aZ-jt- ^ . 

Thus there are four different periods the squares of which are 
in the proportion of 1, 2, 3, 4. 

Effect of a magnetic field on the vibrations of the tetrahedron. 
If a, /9, 7 are the components of the external magnetic field, there 

will be terms in the expression for m -^, equal to efi -^ ~^^' 

in addition to the terms independent of the magnetic fi^ld, and 

corresponding terms in the expressions for -^, -^. 

Hence instead of the equations 

m^ = -Ap, etc., 
we have 



m 



^=-*p + ^3^(Ci + ?t + f. + &)-^5^(i;i + i7.+i7, + i74), 



or m 

Similarly 



dHi « ^dr da 



d*q 1 , dp dr 

or if p, }, r vary as €^, we have 

(iiV**-ifcy-(m/A«-*)/AV(a« + /8» + 7«)-0. 

The roots of this are 

911 

, He 

tn 

where H « Va« + )8' + 7*. 



42 frof, ThmiMon, On the vibrations of aiomi 

The changes in the periods of this oecillation are the same as 
those of the single particle investigated by Lorents. 

The effects on the other principal coorainates are more oompl 

Let Pt + gi^irt, Pi + ri«^, ?, + r,«^i, 

Pi-?i*'^/» l>i-n*^'» ?8-^f**i'> 
Pi + Jt + r, = 8, 



Then the equation 



"*^' ""*»*• 



becomes when there is a magnetic field 

Now if the vibrations are only slightly disturbed we need only 
retain on the right-hand side the variables whose free periods 
are the same as that of '^j, i.e. we need only retain the terms 
in 01 and 0a, hence we have 

Similarly ^^«-A:^ + ^.a^*- i^^. 



m 



^■-W..l^^-W!^. 



From the form of these equations we see that they differ from 
those for a single particle in that the terms involving the magnetic 
force are multiplied by the factor ^, hence the effect of the 
magnetic force on this vibration is only ^ the normal effect, while 
the effect on the vibration corresponding to p, g, r is as we have 
seen normal The magnetic field nas, to a first approximation, no 
effect on the vibrations of the coordinates a, \i, X,. 
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Case of Five Corpuscles. 

One poeition of equilibrium is when four of the corpuscles are 
at the corners of a regular tetrahedron while the fifth is at the 
centre of the tetrahedron. 

Let a,y,ghe the coordinates of the centre of gravity of the 
five corpuscles, fi, i;i, f„ f„ i;,, J^, f„ i;„ f,, f^, rf^, ^ the coordi- 
nates of the four outer corpuscles relative to the central corpuscle, 
the direction of the axes being the same as in the last example. 

Then if 

fi + f, + f, + f4=l>. ^i + i7« + ^73 + ^4 = 9, ?i + ?« + ?• + f4=«r, 

fi + f«-(f.+f4)=Pi, '7i+*;«-(i7i + «74) = 9i. ?i + ft-(?.+?4) = n, 

fi + &-(?. + &) =Pi. i7i + i;,-(i;,+ i74) = ?», Ci + f.-(?t + ?4) = rj, 
we have 

^'^dr«=~*^' ^d^==-*y' ^d^=-*^- 

Thus, XT, y, z are principal coordinates, the time of vibration 
being27ry/j. 

We have also 

w^,(Pi + ?,+r,)«-A,(px + ?, + r,), 

(2* d^ 

»^5^(l>i-?»)--*i(l>i-?f) and m^(pi-r,) = -i,(p,-r,), 

3 



where A, = 3A, A:^« , , fc 

8V3"*"472 
Thus jh + ?• + r,, j^i * ja, jh — r, are principal coordinates. 
Again 

Thus J)f — 9ii j'k — n , 9, — r, are also principal coordinates. 
The remaining six principal coordinates are 
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where Xi, Xs are the roots of the equation 

or approximately 

The corresponding periods are 

where Ar^ « TZk, k^ » OSSib. 

jS|^0C^ of a mctgnetic fidd en the periods. The effects on the 
vibrations corresponding Vo x,y,s are normal, that on 

is zero, while the effects on the coordinates 

are respectively aboat ^ and ^ of the normal 

Case of Six Oorfnudea. 

The six particles when in equilibrium will be at the comers of 
a regular octahedron. Denotinff the positions of the corpuscles 
when in equilibrium by the symbols 1, 2, 3, 4, 5, 6, let us take the 
line joining 1 and 6 as the axis of x, that joining 2 and 5 as the 
axis of y and that joining S and 4 as the axis of g. If a is the 
distance of any one of tne corpuscles in its undisturbed poeitioD 
from the centre of the sphere of positive electrification tnen the 
coordinates of the points 1, 2, 3, 4, 5, 6 are as follows 1 (a, 0, 0), 
2 (0,a, 0), 8 (0, 0, a). 4 (0, 0, -a), 6(0, -a, 0). 6 (-a, 0, 0); let 
irt Vrt Cr be the displacement of the rth corpuscle from its poeitioD 
of equilibrium, then, m beinff the mass and e the charge on a 
corpuscle, the oscillations of die oorpusdes will be given by the 
following equations 

„g..^ -s-*»- -s-*- 

where p-ft + ft + f» + f4 + 6 + 6. 

♦•"fi + & + ?.+{■« + fc+{i. 
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and '^ ^ -n* > ^^^^ ^ ^^ ^^^ radius of the sphere of positive elec- 
tricity. Thus p, q, r, which are proportional to the coordinates of 
the centre of gravity of the six corpuscles, are principal coordinates ; 
the time of vibration of each of tnese coordinates is 



2^ 



/m 
V*' 



If Pi = 2(f,-hft)-(f. + f.-ff. + f,), 

Pi=(f.+f.)-(e.+f4), 

?i « 2(iy, + iy5) - (i;i + 1?« + 17, + 174), 
?s = «7i + «7i-(^» + «74), 

r.=ri+r.-(r.+?4). 

then we can show that 

with similar eauations for qi, 9,, Vi, r,. Hence pi,/},, g,, a,, r^, r,are 

principal coorainates, the time of vibration coiTesponding to the 

/fit 
coordinates with the suffix one is 2ir ^ / -r- , that corresponding to 

/fft 
those with the suffix two is2ir ^Z -r-, 

*'"4V2 + 1 ' *'-4V2+l • 

If fi-f."<?i. ih-n*-^. ?i-jr«-^i, 
fi-f»-^t, «»»-«»i-^. t«-&=^», 
f,-f«-(?„ vt-VA"^, ?.-(r4=V'». 

then 
»»|J(^-^.)-0. »»|J(^-<?,)-0, m^(<>.-Vr,)-0, 

where . . 1 
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Thus ^ ± ^„ ^1 1 0„ 0, ± yjfi are principal coordinates, three 
of the times of vibration are infinite, and three equal to 



iir 



/m 



We have also 



Hence the three remaining principal coordinates are 

^i + ^ + '^i, ^1-^, ^1 — V^if 

. 12>/2 + 3. , . 8 a/2 + 8 1 
A?4 = — 7= k and A^i = — ^ k. 

4V2 + I 4a/2 + 1 

£^0(^ q/* t^ magnetic field. We can show by the method 
already used for the tetrahedron, that the effect of the magaetic 
field on the coordinates p, q,r is normal, that on the coordinates 
Pi, ft, ?i. ?t, n, r^, *i H- V^i, ^ + fftf fft + V^i half normal, and that 
on the coordinates ^1 -f ^ + ^t, ffi — ^, ^1 — V^s zero. 



(7a«e q/* S^vm CorpuecUe. 

An arrangement in which the corpuscles are in equilibrium 
though not as we shall see in stable equilibrium, is when six are 
at the comers of an octahedron and one at the centre. 

If X, y, g are the coordinates of the centre of flpravity of the 
corpuscles, {«., 17,., Zr the displacement of one of tne outer cor- 
puscles relative to the central one, then we can show that x, y, 1 
are principal coordinates, and that the equilibrium is stable for 
displacements which change only the values of x^ y, z. Using the 
notation of the last paragraph, we find ^ ± ^r,, ^ ± 0,, 0^ ± ^, 

^1 + ^ + V^i, ^1 -.^» ^1 - V^i» ft. ?i, r, are agam principal coordi- 
nates for whose displacements the equilibrium is stable. 
The remaining six principal coordinates are of the form 

f. + fc + X,(fl + fr + f4 + f.): 

where \i, \% are the roots of a quadratic equation, with oorrespond- 
ing coordinates for the rf^ and {fs; for these diaplaoements the 
equilibrium is unstable. 

The stable form for seven corpuscles would seem to be five b 
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one plane at the comers of a pentagon, the other two on opposite 
sides of the plane, the line joining them passing perpendicularly 
to the plane through the centre of the pentagon, the distance of 
either of these from the centre ia about |^ of the distance of the 
other five from the same point. 



due of Eight Corpuedea. 

These when in equilibrium will be arranged at the comers of 
a cube. Take as the axes of a, y, z the lines through the centre 
of this cube parallel to its sides. Denoting the eignt corpuscles 
by the symbols (1), (2), (3), (4), (5), (6). (7), (8), let the coordi- 
nates of these when in equilibrium be given by the scheme 

(1) (a, a, a), (2) (- a, a, a), (3) (a, - a. a), (4) (a, a, - a), 
(8) (- a, -a,- a), (7) (a, - a, a), (6) (- a, a, - a), (5) (- a, -a. a). 

Let the displacement of the rth particle from its position of 
equilibrium be ^r» Vr» Kr* 

For the sake of brevity denote f^ + ff-r by Z^, fr — ff-r by Z/, 
fh^-v^ by 7r, Vr-fh^hj F/, fr + f-^ by Z,. ?.-r^-r by Z/, 
then we may show that 

in^(F,+ F.+ F,+ FO — *(F,+ y,+ F.+ F,), 

8^ 
where k^-jr^, and b is the radius of the sphere of positive 

electrification. Thus SX, XT, SZare principal coordinates, they 
are proportional to the coordinates of the centre of gravity; the 

time of vibration corresponding to these coordinates is ^^ a / T * 
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then 

4 2 



where jfcj « ^ ^ ib, 

44- i+ 2 



V2 ■ 8V3j. 



2 + V2 + :^ 



3V8 

The arrangement of eight corpuscles at the comers of a cube 
is however unstable, for, if 

we find 

«»^(l'-?)-(2-2^-3^)S<l'-?). 

8 2... 

and, since 2 — 3-T3 — 0-70 is positive, the cubical arrangement ii 

unstable for a displacement when p — 9 has a finite value. We 
can show also that the cubical arrangement is unstable, even 
although a corpuscle is placed at the centre. 

The stable arrangement for eight particles is when we have 
six particles at the comers of an octahedron and two others at 
equal distances from the centre on one of the lines joining 
opposite comers of the octahedron ; the octahedron will no longer 
be regular, the axis alone which the two extra particles are plaoied 
being longer than the other two, approximately in the proportion 
of 4 to 3, the distance of the inner particles from the centre ifl 
about i of the distance of the furthest corner of the octahedron 
fix>m the centre. 
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On the positne eleetrification of a rays, and the emission of 
WoKify moving cathode rays by radio-active aubaUmcea. By J. J. 
Thoicsom, M.A., F.aS. 



[Snd 14 NoTember 1904.] 



The expeiimento described below were underbtken with the 
object of detecting the positive charge on the a raya. Rutherford 




hu shown that the a rsys are deflected by electric and magoetic 
fbrees in the same direction as a positively electrified body, but I 
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am not aware of any experiments in which the positiye electridtj 
carried bv these rays hiGis been transferred to a conductor and 
detected by the electrification of the conductor. I only succeeded 
in doing this after a lengthy investigation in the course of which 
some properties of polonium and radium, which seem interesting 
and important, came to light. 

The first experiments were made with polonium. This body 
is supposed only to give out a rays so that it seemed especially 
suitaDie for this purpose; it was found however that polonium 
gives out in addition to a rays large quantities of slowly moving 
cathode ray& 

The polonium (obtained firom Sthamer) was deposited on two 
discs, one bismuth, the other copper. The method used was as 
follows. A gold-leaf electroscope A (Fig. 1) was placed in J3, a 
large glass vessel coated with tinfoil, connected with the eartL 
The leaves of the electroscope were supported by a stick of fused 
quartz (7, and were charged by the wire D. The polonium discs 
were placed in the side tube E, in the earlier experiments the 
disc was about 4 cm. firom the electroscope. G is a tube contain- 
ing hard charcoal, it was added for the purpose of obtaining high 
vacua by Dewar's method of immersing charcoal in liquid air; Rur 
the experiments we are describing to succeed the vacuum has to 
be exceedingly good, and I have found Dewar^s method of the 
greatest possiole assistance, giving in a few hours better vacua 
than I previously obtained by several days' pumping. 

The vessel containing the electroscope and polomum was set 
up between the poles of a powerful electro-magnet which when 
excited gave a field of about 1200 C.Q.& units between the polo- 
nium and the electroscope. 

In these experiments the electroscope was chaiged alternately 
with positive and negative electricity, and the rate of collapse ot 
the leaves measured by a reading microscope provided with a 
micrometer eye-piece. The potential to which the electroscope 
was chaiged was ±180 volts. If the polonium gave out only 
a rajrs we should expect the rate of leak to be much more rapid 
when the electroscope is charged with negative electricity than 
when chai^g^ed with positive. It was found however that exactly 
the opposite effect occurred, the leak being almost negligible 
when tne charge in the electroscope is negative and very i^preci- 
able when the charge is positive. The following observations are 
samples of a burge number all sho¥ring the same effect. 
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Distance of polonium from dectroscope 4 cm. 

iMtik in fiTs minntos Chto^ on 

in wale diviaons of fllentroaoona Magnet 

miexometer ^e-pieoe eioowosoope 

70 + . off 

2-5 + on 

5 - off 

5 — on 

Distance of poUmiurfi from, electroscope 5 cm. {ikis was 

a different tvJbe), 

50 + off 

1 + on 

1 - off 

1 — on 

Thus we see that when the electroscope is charged with 
positive electricity there is a large leak which is practically 
stopped by a magnetic field, while when the charge is negative 
there is very litUe leak. This shows that the polonium gives 
oat streams of negative electricity, we have however as yet 
no indication of any emission of positive. I was never able to 

ft an increase in the negative cnaiffe of the electroscope, this 
attribute to the velocity of the catnode rays given out by the 
polonium being so low that they are not able to make their 
way against the repulsion exerted by the negatively electrified 
electroscope. In order to be sure that the effect was due 
to the polonium I had the polonium disc mounted on swivels 
80 that by tapping the disc could be made to I'otate about a 
vertical axis and the face on which the polonium is deposited 
made to &ce towards or awa^ firom the electroscope. When the 
polonium-coated &ce of the disc was towards the electroscope, the 
leak, when the latter was char^^ed positively, was 45 divisions 
when the magnet was off, six divisions when the magnet was on; 
when the electroscope was charged negatively the lesuk was seven 
divisions when the ma^et was off, three when it was on ; the disc 
was then tapped until it turned through 180 degrees, the polonium- 
coated fiuse now £Busing down the tube E, and away from the 
electroscope, the leak when the electroscope was positively charged 
was now only three when the magnet was off, and it was too small 
to detect when the magnet was on. When the electroscope was 
negatively charged the lei^ was one with the magnet off, zero 
with it on. This shows that the leak observed is due to the 
polonium. There is however a considerable leak When the disc 
IB 80 placed that rays proceeding normally from the disc could not 
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strike against the electroscope, thos when the disc was tapped so 
that it turned through an angle of 90*", from the position in 
which the polonium &oed the electroscope, the leak in the electro- 
scope for a positive charge with the magnet off only fell from 
45 to 22, although in the new position no rays at right angles to 
the disc could reach the electroscope. The negative purtides which 
discharge the disc in this case come from the walls of the vessel 
and are either diffusely reflected cathode rays originating from the 
polonium or are due to secondary radiation excited by the rays 
from the polonium. 

The aosence of any appreciable leak in the preceding experi- 
ments, when the electroscope is charged negatively, even when 
the n^;atively charged cathode rays are prevented by the magnetic 
field firom reaching the electroscope, shows that the a rays must 
lose their positive charge, or rather have it neutralized bv the 
negative charge on the cathode rays, as they pass through the 
swarm of cathode rays. These experiments have given no indi- 
cation of the positive charge on the a rays. I will now pass on to 
some experiments by which the positive charge on these rays can 
be detected. In these the polonium disc instead of being at a 
distance of 4 or 5 cm. from the electroscope is placed as close to it 
as possible: the distance in the experiments in which the following 
results were obtained was 1 millimetre. 

Leak in Boale r»»»«i* ^n 

flw minntM eleoteoeoope "'^ 

31 -h off 

-h on 

9 - off 

5 — on 

It will be noticed that although with the ma^et off the leak 
is as before much ^;reater when the electroscope is charged posi- 
tively than when it is charged negatively, owing to the copiouB 
emission of slow cathode rays by the polonium, vet now when 
the magnetic field is on the negatively electrified body shows by 
&x the bigger leak, in fact there is no appreciable leak with the 
positive charga We see that now the a particles are able to 
reach the electroscope and give up their charge to it, these 
particles are but little affected b^ tne magnetic field, while the 
cathode particles are almost entirely stopped by it The leak 
when the electroscope is charged negatively cannot be wholly 
due to secondary catnode rays emittea by the electroeoope when 
bombarded by the a rays from the polonium, for these cathode 
rays unless moving with a velocitv of about ICM* om./8ea would be 
stopped by the magnetic field, altnouc^h it is probable that when 
no magnetic field acts upon the vessel, part of the leak, when the 



and the emisaian of slowly moving cathode rays, etc 53 

electroBcope is negative, may be due to this cause. A series of 
measurements were made varying the distance between the po- 
lonium and the electroscope, and it was found that as the 
distance increased the leak increased, when the charge in the 
electroscope was positive, and diminished when it was negativa 

ExperimenJts with Radium. 

Similar experiments were made using radium instead of polo- 
uium, the radium used was one of the earlier samples procured 
bom de Haen and was not verv strong. The radium was spread 
over a horizontal disc placed about 2 millimetres below a similar 
disc fistftened to the electroscope, the results obtained with this 
were the same as with the polonium. Thus when the electroscope 
was charged positively the leak was 39 in 10 minutes with tne 
magnet off, 7 with the magnet on, while when the electroscope 
was charged negatively the leak was 11 with the magnet off, 10 
with the magnet on. Thus we have again the positive leak larger 
than the negative when the macpiet is off, and smaller when it 
is on. The negative leak diminishes as the distance of the radium 
from the electroscope increases, and when this distance is a few 
centimetres the negative leak is very small compared with the 
positive. 

The preceding experiments show that polonium and radium 
emit copious streams of slowly moving negative corpuscles, these 
streams only differ in the velocity of tne particles from the fi rays 
hitherto investigated, and it is to be observed that they would 
escape detection by the methods hitherto used to investigate fi rays, 
for such methods only detect fi rays able to traverse a considerable 
thidLuess of aluminium foil, i^. fi rays of great velocity, in fact the 
ability to penetrate this foil has been taken as the definition of 
a rav. We see too that if we define an a ray as one absorbed 
by a thin layer of aluminium foil, that a rays may be of two kinds, 
ne carrying positive, the other negative charges. The existence of 
these slow negative rays may have a very important bearing on the 
transformations which radio-active matter undergoes, it may also 
be the explanation why the radium emanation which does not 
emit the nst fi rays, ^et seems to acquire a positive charee and 
be attracted by negatively electrified bodies ; this would be the 
case if the emanation like polonium gave out the slow /8 rays. 
Investigations are in progress at the Cavendish Laboratoiy to see 
whether the emission of these slow cathode rays is a general 
property of radio-active substancea 

Another point brought out by these experiments is the way in 
which these slow /3 rays tend to neutralize the positive charge on 
the a rays. This tendency for the a rays to lose their charge has 
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an important bearing on the determination of elm for the a raya 
In these determinations it has been assumed that the a ray 
retained its positive charge during the whole of its path under 
the electric and magnetic forces, in the light of the above experi- 
ments it seems by no means certain that this is the case. The 
point could be tested by making experiments with difiEerent 
lengths of paths ; if the a rav retains its charge, alteration in the 
length of path would not affect e/m, if the ray lost its chai^ it 
would. 

I wish to acknowledge my obligation to my assistant, Mr EL 
Everett, for the help he has given me with these experiments. 
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Nate on a property of orthogonal covariants of a binary 
qmntic By Arthur JBerry, M.A., King's College. 

[Eeceived 17 March 1905.] 

Let y={»,«*-f noifl^'^y -f ... + a«y* be a binary quantic, let 
II, denote the usual operators 

and let A be written for A — 0. A function of the coefficients 
and variables which is unaffected, or changed in sign, when the 
variables undeigo an orthogonal transformation is called an ortho- 
gonal covariant. I consider in this note only such ''direct" 
orthogonal oovariants as are unchanged by orthogonal trans- 
fcnmations of the direct or rotational form 

fl? SB cos OX — sin 0Y, y « -- sin 0X -f cos 0Y, 

It is clearly sufficient to consider only such covariants as are 
homogeneous both in the variables and in the coefficients. The 
necessary and sufficient condition that a rational integral function 
of Ob, Oi, ... xp, y should be a direct orthogonal covariant is known* 
to be that it should be annihilated by the operator 

^di-^d^-^ <!>• 

Let the covariant be 

C^af^ + Ciof^-^y + ... -f C^iT = 0. 

* See for ezAmple EUiott'i Algebra of QuatUics, ohap. xy., or Sylvester*! original 
paper qaoted below. 

VOL. ZIII. PT. II. 5 
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Applying the annihilator and equating coeflBcients of the 
separate powers of x and y to zero we get the system of 
equations : 

- mCo + ACi + 2C, = 

-(m-i)ai + Ac;+3C,=o 



.(I). 



Eliminating Ci, 0,, ... Cm, we see that (7, satisfies the partial 
differential equation 

<^n»(A)(7o = (2), 

where ^^ (A) is the symbolic determinant 

A, 1, 0, 0, 0, 

-m, A, 2, 0, 0, 

0, -(m-1), A, 3, 







0, -2, A, m 
0, 0, -1, A 



In this detenninant the elements in the leading diagonal are 
all A, those in the parallel line immediately above and on the 
right are 1, 2, ... m, those in the parallel line immediately below 
and on the left are — m, — (m — 1), ... — 2, — 1, and all the other 
elements are zero. 

To reduce this determinant let us first add the 3rd column to 
the 1st, the 4th to the 2nd, the 5th to the 3rd and so on, thofl 
obtaining a modified determinant which it is easy to write but 
troublesome to print. In this new determinant let us subtract 
the 1st and 2nd rows respectively from the 3rd and 4th ; the 3id 
and 4th thus modified respectively from the 6th and 6th, and so 
on. The last two rows now become 

0, 0, ... 0, A, m, 
0. 0, ... 0, -m, A, 

so that A'-f m' is a factor, and the remaining factor, Le. the 
minor obtained by suppressing the mth and m + 1th rows and 
columns, is 

^»-« (A).. 
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Thus ^ = ( A« + fn«) ^««, (A). 

Now ^(l)«A«-f 1, ^(2)=:(A« + 2«)A, 

so that, if m is even 

^(A) = (A« + m«){A« + (m-2)»}...(A« + 2«)A (8), 

and if m is odd 

^(A) = (A« + m«){A« + (m-2)»}...(A« + l«) (4). 

The equations (I) shew that, if the source Co is found so as to 
satisfy the differential equation (2) then Ci, (7,, ... and hence the 
whole covariant are determined uniquely. If the source of a 
covariant of order m is annihilated by an operator ^m-9r(A) 
obtained by omitting r factors at the beginning of ^(A), it is 
at ODoe evident that the covariant is the product of a covariant 
of order in — 2r by («• -f y"/. It is suggested that, if the source 
of a covariant of order m is annihilated by an operator made 
up of some other selection of the &ctors of ^m(A), then the 
covariant is expressible in terms of covariants of IcJwer order, but 
I have not succeeded in proving any such result 

The result of this note was given in a question set in the 
Mathematical Tripos, Part II. 1897. I had not then read 
Sylvestei^s original paper ** On the Principles of the Calculus of 
Forms*"; I now find that the equation ^(/e)asO occurs there 
(p. 359 of the reprint) as an auxiliary equation in connection with 
the problem of inte^ting the differential equation correspondii^ 
to (1), but its significance as a differential equation satisfied by 
the source is not indicated. 

* Cambridge and Dublin Mathematieal Journal, yn. (1S63), pp. 179—217, re- 
printed in Mathematieal Papen, Vol. i., i8, pp. 83S— 86S. 



5—3 



58 



Mr Richardson, Note on ths Positive Leak 



Note on the Positive Leak from Hot PUitinufn in Air at Low 
Pressures. By 0. W. Richardson, M.A., Trinity College. 

[Bead 30 January 1905.] 

In the Philosophical Magazine [6], VoL vi. p. 80, the author 
showed that the eurrent from a fr^h positively charged hot 
platinum wire in a good vacuum fell off asjonptotically with the 
time the wire was heated at a constant temperature. Recent 
experiments have shown that if fresh air be admitted into the 
apparatus from time to time and the wire reheated in this 
atmosphere the &lling off reaches a limit, or at any rate the rate 
of decay of the current becomes inappreciable. With the wire in 
this state the author has recently made experiments to see if the 
magnitude of the current is affected by the surrounding gas, with 
the following results. 

In commencing an experiment the apparatus was pumped out 
until the McLeod gauge registered a pressure of about *0001 mm. 
and the wire heated until the positive leak did not chancre by 
10 Vo of its value in half-an-hour. Air was then admittea to a 
pressure of about 2 cma and pumped out again to a pressure of 
*2 mms. The temperature of the not wire, as determined by its 
resistance, was then brought to its initial value and the positive 
leak measured. After letting in fresh air the leak was found to 
fall off at constant temperature in a similar way to that from a 
new wire. This effect may be due to a number of causes and 
has not been fully investigated. After a time the rate of decay 
became small, and when the current did not &11 off more than 
10 Vo ^^ half-an-hour, readings were taken at different pressures. 
The following table represents a series of results with 3*6 volts 
mean potential on the filament: — 



Pressure 


Gonent 


67 

33 

16 

8 

•6 


291 

20 

16-8 

U-5 

13-3 
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The UDit of pressure is ^ mm. and that of current is 6*6 x 10~^ 
electrostatic units per second. 

The numbers m the above table represent a linear relation 
between the current and the pressure. Thus the leak consists 
of two parts, one of which is proportional to, and the other- in- 
dependent of, the pressure. Similar results were obtained with 
a potential of + 80 volts on the filament. The part of the leak 
which is independent of the pressure was found to be nearly inde- 
pendent of the potential x>ver a range from 40 to 200 volts. 
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Some Methods of •Increasing the Spark-Length of the Wims- 
hurst Machine. By B. J. Palmer, B.Sc. (Communicated by 
Professor J. J. Thomson.) 

[Read January 30, 1905.] 

Some iDteresting experiments have recently been published 
by Humphreys (Physical Review, Vol. x., No. 5) showing how 
the normal spark-length of a Wimshurst can be greatly increased 
by taking a spark from the negative terminal. Professor J. J. 
Thomson suggested I should endeavour to measure this increment 
and so find out its cause. My experiments in this direction were 
entirely unsatisfactory, but incioentally I noticed several other 
ways in which discharge could be forced, and the following paper 
deals with these. 

Many of the phenomena about to be described must have been 
noticed before by different experimenters, but I do not know of 
any research other than Humphreys' dealing with the subject, 
so that they will be new, in part at least, to many. 

The magnitude of the lengthening depends on several things, 
the size, shape, and degree of polish of the terminals between 
which the discharge takes place, the speed with which the 
machine is run, the atmospheric conditions, and the size of the 
Leyden-jars on each terminal. 

Unless otherwise stated the following experiments were 
performed with a two-plate Wimshurst, with plates of glass 
40 cms. diameter, brass sectors and terminals of equal size, 2*5 cms. 
in diameter, and with jars on the machine. 

The following were the methods : — 

(1) By taking a Spark from the Negative Terminal. 

The machine was kept running continuously with uniform 
speed and the terminals gradually separated until sparks ceased 
to pass ; this took place when the gap was about 10 cms. across. 
On placing the finger near any part of the negative terminal so 
that a small spark passed to the knuckle, then a bright discharge 
took place between the balls; the distance between them was 
further increased and the discharge could in this way be forced 
through a distance of 15 cms. If the gap was still greater, a 
bright discharge no longer passed but a orush discheu^ took 
place across it. At a distance of 16 cms. and upwards a brush 
appeared on that point of the positive ball nearest the negative 
terminal, and this brush either lost itself in the air between the 
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poles or passed to the nearest portioQ of the framework of the 
machine. 

When driven with uniform speed there was a limit to the 
potential difference which could be obtained between the terminals 
of the Wimshurst. Before the finger was presented to the negative 
terminal the machine was run in each case until the jars were 
charged to this maximum potential, and if this was not obtained 
then the small spark taken by the finger did not produce a spark 
discharge but only a brush discharge. 

It does not appear to make any difference how the spark 
is taken, the finger, an uninsulated ball- or knob of a small Leyden- 
jar held in the hand, all giving similar results. I was unable to 
produce any increase, however, by fastening a wire W (Fig. 1) with 
ball F attached to the outer coating of the jar and takings the 
spark with F from B. 
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Fio. 1. 

The conditions necessary for success are that the jars must 
be on the machine, and their outer coatings in good metallic 
connection. 

The effect can be produced with a single jar, large or small, 
by standing it on paraffin wax or any other insulator and 
connecting a coating to each terminal. 

(2) By taking a Spark from the Positive Side. 

In endeavouring to measure the increase noted above it 
seemed that the effect produced with a gap of about 5 cms. or 
less was the same whether the spark was taken from the positive 
or negative side. This suggested the idea that the increment 
could be produced by the former as well as by the latter, and 
therefore I tried to obtain the effect on the Wimshurst. For 
a long time I was unsuccessful with a spark-gap of 10 cms. or 
more ; there seemed to be little effect by placing the finger near 
the positive pole and taking a spark, and it was impossible to 
produce a great increase in length like that obtained by the 
method of Expt. 1. 



62 Mr Palmer^ Some Methods of Increasing 

If the potential is very nearly great enough to produce dis- 
charge, then a spark taken from the positive terminal will start 
the discharge, and under th^se conditions a spark could at tiroes 
be forced across a gap of 7 cms., but such an occurrence was 
exceedingly rare, it being very difficult to take a spark with the 
finger at just the right moment. 

I was more successful with a shorter spark-gap. The terminals 
were pulled apart a dbtance of 15 cms. so that no discharge took 
place when the machine was slowly driven by hand. When the 
jars wei*e charged the machine was stopped and the knobs brought 
quickly together so that the distance between them was aboat 
4 cms., then on taking a spark from the positive side a br^ht 
discharge generally took place between the terminals. The 
distance between the knobs could be more or less than this, 
depending upon the time elapsing between charging and dis- 
charging; if this was too small an interval, the spark passed as 
the knobs were brought together, if too great, no effect was 
produced on touching the positive side, but after one or two trials 
the discharge was easily obtained. 

(3) By means of another Wimshurst Machine placed near. 

Hertz {Wied. Ann, xxxi., p. 983) has shown that discharge 
between two terminals takes place at a lower potential when 
the gap is simultaneously illuminated with ultra-violet light, and 
it at first seemed that the effects of Expts. 1 and 2 might be 
caused by the ultra-violet light produced by the small spark 
taken from the negative terminal with the finger. The following 
experiment shows that such is not the case. A large amount of 
ultra-violet light was made by discharging a Ruhmkorff* coil 
between zinc terminals, and this light was focussed on various 
parts of the spark-gap of the Wimshurst machine ; at the same 
time Expts. 1 and 2 were repeated and no alteration in the 
effects already obtained could be noticed — a small spark taken 
from the negative terminal forcing discharge as before. 

Since there was a great deal more ultra-violet light produced 
by the discharge between the zinc terminals than that between 
the finger and the negative pole of the Wimshurst, it seems that 
this form of radiation is not the cause of the increase in spark- 
lengtL 

An interesting example of the effect produced by ultra-violet 
light is the synchronising in the dischai^ge of two Wimshuists. 
IVo machines were pla^ with terminals facing each other 
about 4fO cms. apart, and driven simultaneously ; the speeds were 
then altered so that the intervals of time between successive 
sparks were about the same for both ; it was then an easy matter 
to make the two machines discharge at the same instant and 
to continue doing this for a number of sparks. 
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There seemed to be no necessity for the terminals to be of 
the same size, nor for the spark-gaps to be equal, if one was 6 cms. 
or more and the other only 2 cms. they synchronised just as 
easily. 

When a board or plate of metal was placed between so that 
the rays of one spark were shielded from the other, then the efifect 
was practically stopped, but even when the spark-gaps were not 
so shielded from each other then one machine had to be charged 
to very near sparking potential before the other discharged. In 
the latter case the effect could be increased by bringing the 
machines nearer together. 

(4) By holding a Rod of Insulating Substance next the 
Positive Terminal. ^ 

Humphre3rs has already dealt with this method {Phys. Review, 
Vol. XI., No. 2). The machine was run continuously and the 
spark-gap gradually increased until sparks ceased to pass, then on 
bringing a glass rod near the positive pole a discharge took place. 
The gap could in this way be increased 50 per cent. No effect 
was produced by holding the rod at rest near the negative 
terminal beyond a brush discharge between the glass and the 
pole. On rare occasions if the rod was quickly moved past the 
negative ball a discharge could be forced provided the machine 
was near sparking potential at the time. 

Many different substances besides glass were tried and the 
following were the results. 

Seahng-wax, ebonite, and many insulators all gave a result 
similar to the glass rod. 

A stick of sealing-wax tipped with tinfoil, an insulated wire, 
a glass rod with end white-hot, a candle-flame and tip of a 
blowpipe flame produced discharge when passed near either 
termmal; with the latter a slight shock was felt in the hand 
holding the blowpipe. 

An air-blast either across the gap or along it produced no 
effect whatever at either side. The wind was forced both from 
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podtiye to negative and in the opposite direction by having 
a terminal as in Fig. 2. A was a glass tube holding the hollow 
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terminal B. In the latter at C there was a small hole. B was 
connected to the nearest metal of the terminal by means of a 
wire W. The air-blast was formed by a pair of foot bellows which 
were connected by a rubber tubing to the glass tube at R. 

The jars were next removed from the machine. When the 
machine was running and the knobs about 6 cms. apart no 
continuous brush discharge took place across the gap. On 
bringing the end of a glass rod near the positive terminal and in 
the gap, a large positive brush was formed extending about 
three-quarters the distance across; the negative brush was also 
apparent and there was a narrow dark space between them. 
Beyond a slight crackling no discharge took place when the 
rod was brought near the negative terminal. 

(5) Suddenly altering the Shape of the Terminal. 

All the preceding methods of increasing the gap seemed to 
depend in some way on a brush discharge being produced at 
the same instant or just previously to the spark ; and since a 
brush is easily produced on a point, it would follow that if one 
were suddenly made on a round conductor the brush thereby 
caused should force discharge. It was possible trO lengthen the 
spark by this means in the following way. A hollow ball of 
indiarubber A was fastened in a cup of orass by means of sealing- 
wax (Fig. 3) ; a hollow brass tube C was soldered to this cup and 
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a hole was made through the sealing-wax and rubber by passing 
a hot wire along C. If a glass rod B with end first pointed and 
then slightly rounded in the Bunsen flame was pushed along C 
into the ball, then at the point where it touched the rubber 
a slight protuberance was made. A difficulty was experienced in 
covering the ball with some conducting material which would 
yield sufficiently when the ball was stretched. Tinfoil and Dutch- 
metal were first tried but I was unable to place them on the ball 
so that they altered with the shape of the rubber ; next a paste 
of plumbago and gum was used emd although imperfect the 
phenomena were easy enough to obtain with it. The ball 
(diameter 3*5 cms.) and tube formed one terminal of the Wims- 
hurst, and the other pole was of brass and 2'9 cms. diameter. 
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The following were the results obtained : 

(a) With an indiarubber ball as the positive terminal so that 
a positive brush was formed, and with a spark-gap of 6 cms., the 
slightest push of the glass rod produced a brush and very often 
a spark discharge ; witn one of 8 cms. a big brush discharge was 
caused quite across the gap ; at 9 cms. and upwards the brush 
divided mto two parts, the positive being very large and extending 
three-quarters of the way across. The spark obtained with the 
shorter distance was very interesting, it would often pass from 
the brass cup round to the point on the rubber and then straight 
across the space between the terminals. 

(6) With the rubber ball as negative terminal and with a 
spark-gap of 4 cms., a slight push to the glass rod produced a 
brush and very often a spark discharge ; at 6 cms. a small nega- 
tive brush was produced and a point of light on the positive ball, 
while at 10 cms. and above there was a small negative brush as 
before and no noticeable effect on the positive ball. 

The same experiments were next tried without the jars on the 
machine and the results were much the same as before, except of 
course that there was a diminution in the brightness of the spark. 

Modifications in the Phenomena of Expts. 1 and 2 by Varying 

the Size of the Terminals. 

If the balls were of unequal sizes, the effects of methods 1 and 2 
were remarkably modified. The small ball in each case had a 
diameter of 2 cms. and the larger 4 cms. 

The small ball was first made positive, as is often the case with 
many machines. All the effects of Expt. 1 were increased but 
none of those of Expt. 2 could be obtained. 

The most interesting changes were produced when the smaller 
ball was the negative terminal, when the effects varied with the 
length of the gap ; at a distance 5*2 cms. or less none of the effects 
of Expt. 1 could be obtained, but if the spark was taken from the 
positive side then at times a spark discharge took place ; when this 
did not happen the negative brush appeared on the portion of the 
negative terminal nearest the positive at the instant of taking the 
spark. On gradually increasing the distance the negative brush 
became fiednter and fainter but could generally be seen in a 
darkened room up to a length of 10 cms. At this point a spark 
taken from the negative terminal produced discharge. No doubt 
at this length the relative sizes of the two balls have not so great 
an effect in determining the distribution of potential in various 
parts of the field, so that the lines of force would be similar in 
position to those existing under the conditions of Expt. 1, but 
the increase was not so great, owing perhaps to the difficulty of 
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preventing the negative terminal discharging in the form of a 
brush when it is smaller than the other ball. 

An end of a rod was substituted for the positive terminal and 
a sphere for the negative as before. As soon as the machine was 
started the positive brush appeared at the end of the rod and 
a spark from the negative made the brush increase in size. No 
effect was observed on taking a spark from the positive side 
except the momentary annihilation of the positive brush as the 
potential on that side was lowered. If the terminals were iatet- 
changed so that the positive pole was a sphere and the negative 
the end of a rod, tiien a spark from the positive produced a shsht 
increase in the negative brush, and often made one or two other 
small ones shoot out from other points as well. Beyond the 
sudden extinguishing of the negative brush no effect was produced 
by taking a spark from the negative side. 

With two large bails as terminals the effect was the same 
as with the two smaller, but with the latter the effects of Expta 1 
and 2 were easier to obtain with a shorter spark-gap, owing un- 
doubtedly to the greater want of uniformity in the field. 

There were no indications of any of the above effects if the jars 
were removed from the machine. 

The Sound produced by the Discharge, 

It is fairly easy to tell when a disruptive discharge is assisted 
by the brush produced and when it is not, because the sound 
of discharge is quite different in each case. In the former case 
the spark may be long but it is not nearly so loud and sharp as it 
is when no brush is present. In each of the previous cases when 
the discharge is forced the sound clearly indicates that a brush is 
present in the gap at the same time. 

When the terminals of the Wimshurst are large balls and the 
spark-gap great the spark under ordinary conditions is much more 
abrupt ana decisive than when the terminals are small, and this 
difference is probably due to the fact that there is no simultaneous 
brush discharge when the poles are large. 

All the preceding effects point to the conclusion that a brush 
discharge is first formed in each case, and this weakens the 
resistance to disruptive discharge. Professor J. J. Thomson 
suggested I should try to obtain the effect in gases in which 
the brush is more or. less difficult to obtain than in air. The 
terminals were first surrounded with a glass tube 6 cm& in 
diameter and held in position by rubber stoppers, bat the 
proximity of the tube to the metal of the terminals caused a 
brush discharge between them, so I used a large spherical bulb. 
At high potentials a brush always formed on the rubber stoppers 
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80 that finally the electrodes were held in position with sealing- 
wax. The gases were in each case dried by passing them over 
pomioe moistened with sulphuric acid. Faraday (*' Experimental 
Researches in Electricity/ Series 12, 1425 — 1454) gives the 
phenomena of the brush discharge in various gases and some 
of these were tried with the following results: 

(1) Coal-pts. In this gas the brush is difficult to obtain. 
With terminals 7 cms. apart, a point of light on the positive ball 
was seen on taking a spark from the ne^tive pole and sometimes 
a very faint brush. There was no spark discharge produced, but 
when the gas was flushed out and the air admitted the spark 
discharge could be easily obtained by Expt. 1. 

With a gap of 4 cms. I was rarely able to make a discharge 
between the terminals and that passing to the finger synchronise, 
but on the admission of air it was easy enough. 

(2) Carbon-dioxide. The brush is also difficult to obtain in 
this gas. It was easier to make the sparks synchronise at 4 cms. 
or thereabouts than with coal-gas but it does not require so great 
a potential difference between the terminals to produce spark 
discharge and this might partly compensate for the poorness of 
the brush. 

(3) Nitrogen. The poles were 4*5 cms. apart; on driving 
the machine so slowly that no spark passed under ordinary 
conditions, then a spark taken from the negative side produced 
a very bright spark discharge ; the same effect could also at times 
be obtained by taking a spark from the other terminal. A brush 
is formed in tnis gas very easily. 



Conclusion. 

It seems that a spark taken from a terminal as in Expts. 1 and 
2 produces a surge or wave which is carried over to the other 
terminal by means of the jars, a sudden change in the potential 
of the negative pole producing a corresponding change in the 
positive, because if the Jars are absent or even insulated from each 
other none of these phenomena is produced ; changing the size 
of the terminal moreover shows that the effect is always greatest 
when the spark is taken from the larger ball and the disturbance 
carried over to the lesser ; around the smaller the electromotive 
intensity is greatest and this is greatly increased by the sudden 
change produced by the wave. For a ball of a given size there is 
a given electromotive intensity at which a brush is formed, and 
therefore a brush discharge is easiest formed on the smaller 
terminal; this by producing dissociated ions puts the ^as in 
a condition in which it is electrically weaker, and if the distance 
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is not too great a spark passes, otherwise the brush only is 
formed. 

The experiments made in various gases point to the same 
conclusion. The phenomena of Expt. 1 were the most difficult 
to be obtained in gases such as coal-gas and carbon-dioxide, which 
only produce a brush with difficulty, while with such a gas as 
nitrogen, where a brush was easily obtained, the effects of the 
same experiment were easily produced. 

Faraday noticed that the spark-lenfi^h of a machine was 
always increased by having the smaller ball positive, and many 
makers of machines arrange the terminals m this way. The 
lengthening may be due to a positive brush being formed on that 
terminal just previous to the discharge by spark, and the smaller 
the ball the lower the potential at which the brush is produced. 
If the smaller ball is negative a brush is formed there at a lower 
potential, and this simply discharges the machine, aiding but 
little in the passage of the spark. 

The results of Experiment 5 can also be explained by the 
brushes produced. Whenever the glass rod is brought near 
either terminal a slight crackling is heard due to the brush 
discharge between the metal ball and the glass; this, as before, 
makes the passage of the spark easier, especially when the positive 
brush is produced. 

With metals, whether insulated or not, flames, eta, the positive 
brush produces dischaix® when they are held near the positive 
terminal ; when near the negative a small spark passes and we 
really have a repetition of Experiment 1. 

It is impossible to say why the effects are not so great when 
the brush is formed on the negative ball until we explain the 
difference between the positive and negative brushes ; their ap- 
pearance has long been noted to be different and the above 
experiments show that the presence of the positive in a gap 
makes a ras much weaker electrically than if the negative were 
present. In this action we have yet another difference between 
the two electricities. 

All the above experiments were undertaken at the Cavendish 
Laboratory with the exception of (5) and those with different gases 
which were done at the Technical Schools, Southend 

I take this opportunity of expressing my gratitude to ProfiBSSor 
J. J. Thomson for his kindness, and for the assistance he has given 
me during the progress of these experiments. 
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Reduction of Generating Functions by means of Complex In- 
tegration. By G. B. Mathews, M.A,, F.R.S., St John's College, 
Cambridge. 

[Read 13 February 1905.] 

Id solving various Diophantine problems we have to perform 
an operation SI, which may be defined as follows. A rational 
function of a and other variables is formally expanded in positive 
and negative powers of a; the negative powers of a are then 
discarded, and a is replaced by unity in the remaining terras. 
If ^ is the function in question, the final result is indicated by 
Qs^, or simply by il<j>, when there is no risk of ambiguity. 

Thus, to take a very simple case, let 

^= I 

(l-a.)(l-|) 

= (l+(M? + a»aj» + ...)fl+^ + ^+...') 
^ ^ \ a a* J 

then it is clear that 

with the condition that p^q* By putting j9 » g + r, we obtain 

11^ = 2 (xyy^af (q>0, r^O) 

1 

{l-^xy)(l^xy 

but in more complicated cases it is not so easy to find the reduced 
value of n^. The object of this note is to show how the principles 
of complex integration may be applied to the problem. 

Suppose that, | a \ being greater than 1, we have a convergent 
expansion 

^ (a) « ... + 6,a"* + 6,a~* + c© + Ciflt + c,a*+ ... ; 
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then since 

a — 1 
the coefficient of a~^ in the expansion of ^ (a) | (a — 1) is 

that is, n^. Hence 

the integral being taken over a closed simple contour at every 
point of which the above expansion of ^ (a) | (a — 1) is legitimate. 
But the integral is also equal to 

2mXR 

when 1R is the sum of the residues of ^(a) | (a— 1) within the 
contour. Calculating this sum by the method of partial fractioDS, 
the value of ft<^ is determined. 
For example, if 



(l-<uc)(l-l) 



we must suppose {a^{<l, {yj<|a|,as well as | a | > 1. We can 
take as the path of integration the circle which has its radius 
equal to | a I and centre at the origin ; the poles within it are 
1 and y, so tnat 



tR 




l)(i-|)) 



1 



(l-«)(l-«y) 
on reduction. 

The same result may be obtained in this case by taking the 
residue with respect to the one external pole, for which a=«■^ 
and changing sign ; the value of A^ then comes out immediately. 

As another example, let it be required to find 



n 



w 
a 



(l-a.)(l-«y)(l-|)(l-^)' 



Here 

(j> aw 



(a-1) (a-l)(l-cuc)(l-ay)(a-if)(o-w)' 
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and integrating over the circle r » | a | as before, the external poles 
•re sr\ y-\ so that 

Of i » 



G-)('-!)e-')s-) »G-)('-i)e-)o-") 



(l-«)(«-y)(l-air)(l-a?ii;) (l-y)(a?-y)(l -yj»)(l-yw) 

ny ( J? + y — ay — ay g — gyw 4- a^^zw) 

"(l-a?)(l-y)(l-a?*)(l-aw)(l-y*)(l-ytt;) 

after an easy reduction. 

To test the practicability of the process I applied it to the 
fxinction 

(l-a.Kl-«'.)(l-,rt)(l-«)(l-5)(l-i) 

firom the SI of which, on putting y^a*, we obtain the reduced 
generating function which enumerates the concomitants of a 
binary quintic. The result was to confirm the calculation of 
CSayley ; the actual labour involved was, of course, considerable, 
chiefly on account of the occurrence of poles with irrational 
affixes. 

There is no theoretical difficulty in eztendiug the process 

liea to 



above explained to cases where the operation fl is applied to an 
expansion containing positive 
quantities a, b, etc. Thus let 



expansion containing positive and negative powers of two or more 

J. Thu 



f i 

(l-a.)(l.^)(l.a6a.)(l.|) 

then 

(l-a«)(l-?)(l-a*')(l-«') <*> 
where (4) >■ 1 — «*, and 



Now 

^ a 



(a-1) (a-l)(a-«)(l-o«)(l-<M;^) 

TOIb Xm. R. II. 
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and, calculating the residues for the poles 1 and c, we obtain 

•^ " U - 1;* " (iy(2) (1)(2)(3) - (1)(2)(3)' 
and hence 



(4)--^ (l)(2)-(3) 



(1-«)(1 -*»)«(!-«•)' 

There is one very curious point about this theoiy which 
deserves to be noticed. In the actual applications the letters 
used are mere umbrse, and the question of their numerical valuefl 
does not come in ; but when, as here, the calculus of residues is 
employed, it is necessary to assume relations of numerical in- 
equality for the purpose of deciding which poles are to be con- 
sidered as being inside, and which outside, the contour of 
integration. 

it cannot, I fear, be claimed for this method of residues that 
it supersedes others, such as those employed by MacMahon in Us 
papers on partitions : but it is, at any rate, a useful auxiliary, and 
the fact that it is theoretically complete entitles it to some 
consideration. 
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Soluble forms of metallic dihydroxt/tartrcUes, By H. J. H. 
Fknton, M.A., F.RS., Christ's College. 

[Bead 27 February 1905.] 

Sodium dihydroxytartrate was first obtained by Qrttber in 
1879 and was afterwards further examined by Kekal^ and ^ by 
Barth. The barium salt was also prepared by narth and in 1889 
Miller succeeded in isolating the free acid. The author in 1898 
discovered a new and simple method for preparing the free acid 
iD a pure state and made a further study of its relationships ; the 
lithium, potassium, rubidium, csBsium, and ammonium salts were 
also prepared and analysed. 

From the fact that the sodium salt decomposes on heating into 
sodium tartronate and carbon dioxide, Grttber concluded that 
the acid should be re^^arded as tribasic carboxytartronic acid 
G(0H)(C00H)| and this view of its constitution appeared to be 
borne out by Bkrth's analysis of the barium salt ; in this case 
the sodium salt would have to be considered as an add salt. 
Kekul^'s experiments however shewed conclusively that the acid 
is really dibasic and this result was further established by the 
author's experiments on the titration of the fr^e acid and analyses 
of the salts above mentioned. The basicity of the acid and com- 
noeition of its salts are therefore quite in harmony with Kekul^'s 
lormula which represents the acid as 

COOH . C (OHX . C (OH), . COOH 

or tetrahydroxy-succinic acid. 

Although this formula is now very generally accepted it cannot 
be considered as entirely established ; the comparative stability of 
the free acid on heating and the decomposition into tartronic acid 
and carbon dioxide when its aqueous solution is boiled are pro- 
perties which at first sight appear to be hardly consistent with 
such a constitution. 

Compare Qriiber, Ber. 1879 (12) 514 ; Barth, Sits. Acad. Wien, 
82, ii 1024. 

Fenton, Trans. Chem. Soc. 1898 (73) 71, 167 and 472. 
Debus, Trans. Chem. Soc 1904. (85) 1388. 

Investigations are now being undertaken with the object of 

6—2 
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throwing further lieht upon this question and in the present 
communication a short preliminary account is given of some 
experiments which have been made with regard to the conditions 
under which the salts can be formed. 

All the metallic dihydroxytartrates which have so fiir been 
examined contain water of crystallization which is not expelled 
when the salt is kept in a vacuum desiccator, and any attempt at 
removal of the water by heat is attended with decomposition of 
the salt. It appeared therefore to be a matter of mterest to 
ascertain the nature of the salts produced from solvents oth^ 
than water. 

When solutions of the free acid and sodium ethylate in 
absolute alcohol are mixed together a semi-transpareut gelatinous 
precipitate is obtained which, when collected and washed with 
alcohol, is very easily soluble in cold water. This result is re- 
markable when it is remembered that the sodium salt prepared 
from aoueous solutions is a heavy white crystalline powder almost 
insoluble in water ; its solubility is in fact so slight that it serves 
for the qualitative and quantitative estimation of sodium (Fenton, 
loc. cit 167). 

The aqueous solution of this soluble sodium salt after standing 
for a few minutes begins to deposit the ordinary sparingly soluble 
form of sodium dihydroxytartrate. By titration of the free acid 
with sodium ethylate in absolute alcoholic solution it is found 
that the ratio of acid to metal is the same in the soluble salt as 
in the ordinary form, but it has not yet been found possible to 
determine the composition of the soluble salt in the isolated 
condition. When kept in a vacuum desiccator over sulphuric acid 
it dries up to a white amorphous powder but at the same time 
suffers a certain amount of decomposition ; it is still extremely 
easily soluble in water but the aqueous solution effervesces with 
dilute acids and gives a smaller yield of the insoluble salt on 
standing. 

It was at first thought probable that the soluble form might 
be a salt of the diketo-acid COOH . CO . CO . COOH, but analysis 
shews that the dried product still contains hydrogen, the results 
being 

C2618, H2-47, Na 242 per cent. 

The normal sodium salt of the diketo-acid would require 

C 26-26, Na 24*21 per cent. 

It is probable therefore that the dried product is a mixture of 
this salt with some tartronate and carbonata 

When dihydroxytartaric acid, or one of its soluble salts^ is 
mixed with calcium chloride in aqueous solution the mixture 
almost immediately sets to a transparent colourless jelly, so that 
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the TesBel may be inrerted without loss; in this behayioor 
dihydroigrtartaric add resembles glyoxjlic acid, the formala of 
which is also generally represented as containing two hydroxyl 
groups associated to the same carbon atom (compare Debus, loc, 
dL 1391). 

Bat if the dihydroxytartaric acid and calcium chloride are 
both dissolved in anhydrous methyl or ethyl alcohol the sohitions 
remain perfectly dear on mixing and no separation occurs even 
after standing for a day or two. A drop of water however will 
immediately cause the formation of a gelatinous precipitate ; this 
precipitate is mostly dissolved if more water is added but the 
solution soon afterwards gelatinises. The action of small quantities 
of water in bringing about the separation of the calcium salt is 
so sensitive that it is quite easy by this reaction to detect the 
presence of one or two per cent of water in alcohol ' Combined * 
water, as in chloral hydrate or hydrated calcium chloride, does not 
produce a similar effect. 
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Studies on Unsaturated Ketonie Compounds. By S. Ruhemann, 
MJL, Gonville and Caius College. 

[Bead 27 Febmaiy 1905.] 

In a paper which I lately published in the Journal of the 
Chemical Society (1906, lxxxyii. 17) it has been shown that, 
under the influence of bases, olefinic ketonie compounds react 
with mercaptans to form additive substances only. On using as 
catalytic agent hydrogen chloride alone or together with zinc 
chloride, Posner {Ber, xxxiy. 1395 ; xxxy. 799) has found that 
frequently mixtures are produced owing to the fact that mer- 
captans, besides reacting additively at the ethylene linking, partly 
condense with the ketonie fi;roup of the olefinic ketones. In the 
paper referred to, I have described various additive products of 
olefinic ketonie compounds containing the grouping 



ii 



!H : CH— CO— . 

I 

I have since applied this reaction to other substances of the same 
type of ketones and have obtained from benzylideneacetophenone, 
benzylidenedesoxybenzoin, benzylidenebenzoylacetic ester the fol- 
lowi£g compouDdl 

Benzylideneacetophenone ^elds with wo-amylmercaptan, under 
the influence of piperidine, iso-amylthiolbenzylacetophenone, 

C^Hs . CH (S . CfHu) . CH% . CO . C^H^ , 

which melts at 49 — SO'' ; with phenylmercaptan the ketone forms 

C,H5.CH(S.C,H5).CH,.CO.CeH5 (m.p. 120—121'). 

The latter substance is identical with the substance which Posner 
has prepared by the aid of hydrogen chloride as catalytic agent; 
but from Mo-amvlmercaptan and the olefinic ketone he has obtained 
an oil which n'om the analytical result he concludes to be a 
mixture. 

Bensylidenedesowybens&ln unites with phenylmercaptan to 
yield phenylthiolbenzyldesoxybenzoi'ne, 

C.H,.CH(S.C.Hi).OH(C.H,).CO.C.H. (m.p. 204—206^). 
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Ethyl benfylidenebeneoylacetate forms with pheDjlmercaptan 
the adoitiYe compound 

CH. . CH (S . C.H.) . CH (CO . C^H.) . CO, . CH. (m.p. 100— 101"). 

In my previous communication (foe. ciL) I have pointed out 
that di-olennic ketones of the tjrpe: 

i : 6_C0— C : C 

I I 

combine with 1 or 2 mols. of mercaptans, whilst, by the aid of 
hydrogen chloride as catalytic agent, Posner has been able to 
obtain only additive products with 2 mols. of mercaptans. I have, 
farther, shown that cinnamylideneacetopheDone, a di-olefinic ketone 
of the type : 



LU-: 



C— CO— 

I 

unites with 1 mol. only of either i^o-amylmercaptan or phenyl- 
mercaptan. This result differs from Posner's statement {Ber, 
xxxvii. 502) according to which the substance resulting from 
the reaction between the ketone and phenylmercaptan is an 
additive compound with 2 mols. of the mercaptan. Irof. Posner 
has since by letter corrected his error. 

(Xnnamylideneacetoney C^H. . CH : CH— CH : CH . CO . CH„ 
also unites with 1 mol. of phenylmercaptan only to form a com- 
pound which melts at 53 — 54^ But Posner's pupil, A. Werner 
(see Posner, loc. cit,), has found that the product of the action of 
hydrogen chloride on a mixture of the ketone and the mercaptan, 
is an oil which, by potassium permanganate, is transformed into 
a di-sulphone. From this result it would follow that the oil is an 
additive product of the di-olefinic ketone with 2 mols. of the 
mercaptan ; yet my experiments, I'ecorded in this paper, and the 
.acts at which Kuvevenagel {Ber, xxxvii. 4038) arrived in the 
course of his study on the reaction of potassium hydrogen sulphite 
with di-olefinic ketones of the above type, induce me to aoubt 
the correctness of Werner's result. 

The behaviour of mercaptans towards the tri-olefinic ketone, 
0i$inamylidenebe7uyl%dene(icetonef 

CH^.CH : CH.OH : CH.CO.CH : CH.O.H5, 

is similar to the action of mercaptans on cinnam^lideneacetone or 
dnnamylideneacetophenone. With 1 mol. of either phenylmer- 
captan or wo-amylmercaptan it yields additive compounds which 
melt at 69— 70"* and 188— 134V respectively. The ketone, also, 
adds 2 mols. of mercaptans, but I have been unable to isolate 
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these snbBtanoee from the former oompoands which are produced 
at the same tima 

Mercaptans combine with acetylenic ketones as readily as 
with olefinic ketones. As yet I have examined in this direction 
particularly methoxybenzoylphenylacetylene, 

C,He.C:C.C0.C,H4.0.CH„ 

which unites with 1 mol. of phenylmercaptan to yield 

C.H, . C (S . C.H,) : CH . CO . C.H4 . . CH, (m.p. 121— 122*> 

This compound differs from the additive products of mercaptans 
with olefinic ketones inasmuch as it is yellow whilst the ktter 
substances are colourless. 

At present I am eueaged in the study of the thiol-compounds ; 
it is especially their behaviour towards heat which appears to be 
worthy of an inquiry for the following reason. The saturated 
)9-hvdroxyacids, on heating, split off water and yield unsaturated 
acids ; the additive products of the olefinic ketones : 



i 



— CrCH.CO— 

with primary orronic bases suffer a similar decomposition (see 
Ruhemann and Watson, Tram. Chem. Sac, 1904, Lxxxv. 1170) 
which takes place either in the direction 

I. R.CH(NH.R0.CH,.CO— 

— ► R.CH:CH.CO— + NH,.E'. 



or 



II. R.CH(NH.R0.CH,.CO— 

— R.CH:N.R' + CH,— CO- 

(R and R' denoting hydrocarbon radicles). 

On the other hand, the additive compounds of acetylenic 
ketones with organic bases seem to distil without deoompoeitioiL 
As yet I have examined in this direction the compound 

C.H, . C (NH . C.H5) : CH . CO . C,H„ 

which E. R. Watson {Trans. Chem. See. 1904, Lxxxv. 1824) has 
obtained from methoxybenzoylacetvlene and aniline, and have 
ascertained that, in a vacuum, it boils unchanged. If the additive 
products of the unsaturated ketones with mercaptans behave in 
a similar manner, then it ma^ be expected that the substances 
which are formed from olefimc ketones will suffer an analogous 
decomposition, whilst the compounds which result from the union 
of mercaptans with acetylenic ketones will boil without decom- 
position. 
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Some Compounde of Ouanidine wiih Sugars. By R S. Mobrell, 
ILL, GoDville and CaiuB College, and A. E. Bellabs, B.A., 
Magdalene College. 

[Read 27 February 1905.] 

The action of alkalies and especially of ammonia on sugars has 
been the subject of a number ofjpapers by Lobry de Brilyn and 
his colleagues van Leent aud van Elcenstein^ They have described 
crystalline compounds of ammonia with glucose, galactose, rham- 
nose, arabinose, and xylose, of the nature of osamines, but thev 
consider that maltose and lactose form additive products with 
ammonia. Several of these osamines crystallise with molecules 
of alcohol of crystallisation. The compound of ammonia with 
fructose, fiructosamine, CeH|04N, is of interest in its connection 
with chitosamine, CHOCHNH,(CHOH),CH,OH, from which it 
may be prepared. Fructosamine is by fiur the most stable of the 
osamines which generally evolve ammonia at their melting points, 
and even there is a loss of ammonia when aqueous solutions of 
osamines are heated to boiling. The study of the influence of 
dilute alkalies on the optical activity of solutions of glucose led 
Lobry de Brtlyn and van Ekenstein to the conclusion that glucose, 
fructose, and mannose are reciprocally transformable into one 
another in aqueous solution. 

Several years ago it was noticed by one of us that an alcoholic 
solution of Gnaanidine gave white minutely crystalline precipitates 
with alcoholic solutions of glucose and rbamnose. The com- 
pounds obtained were exceedingly hygroscopic and could not be 
reciTstallised from any solvent; moreover they were never free 
from inorganic material, since the guanidine was prepared from its 
hydrochloride by the action of sodium ethylate. If guanidine 
were prepared from the carbonate bv decomposing the salt with 
less than the calculated quantity of baryta, and the concentrated 

aueous solution were frreed from excess of guanidine carbonate by 
dition of absolute alcohol, it was found that compounds of the 
base with sugars was obtained free from ash. From ethylic alcohol 
solutions glucose, fructose, galactose, rhamnose, and maltose were 
predpitated combined with guanidine as microscopically crystalline 

^ See. de$ Trav. Chim. det Pay Bom, IS, 286 ; 18, 918 ; U, 98, and 1S4 ; 16, 188 ; 
18.81. 
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Bubstances which are very hyc^roscopic. The glucose, firactooe, 
maltose compounds are composedof three molecules of the sugar and 
two of guanidine, but those obtained from galactose and rhamnose 
seem to contain an equal number of molecules of sugar and base. 
In several cases there is combined alcohol, which is not removed 
in a vacuum; Lobry de Brtiyn found that the rhamnosamine 
crystallised out with a molecule of methyl alcohol. The com- 
pounds react strongly alkaline in aqueous solutions, and their 
optical activity is generally much lower than that of the parent 
sugar ; moreover it diminishes slowly with time until a constant 
value is obtained. The rotation angle of the glucose compound 
in water becomes in time negative, and that of fructose slowly 
falls to a constant value, which is of the same sim as that of the 
parent sugar. The change of sign in the rotation angle of the 
glucose compound may point to a slow transformation of glucose 
mto fructose as observed by Lobry de Brttyn. We have not yet 
examined the aqueous solution of the glucose compound for 
mannose and fructose. Dilute acids decompose the compounds at 
the ordinary temperature, but the concentration of the acid must 
be considered, as will be seen fr^m the following experiments : 
1*72 grs. galactose compounds on treatment with 10 ac. N.HGl 

N 
required 50'71 c.c. tttC-c. NaOH for neutralisation. Percentage of 

guanidine =» 16*86. 

1'2501 grs. dissolved in 100 c.c. water and treated with 12*5 ac. 
N.HCl required 101-6 c.c. N/10 NaOH. 7^ guamdine = 11-04. 

2*089 grs. rhamnose compound on treatment vrith 12*5 cc. 

N^ 
N.HCl required 73*55 c.c. ^tx^ NaOH. Percentage of guanidine 

0*9498 grs. rhamnose compound, dissolved in 25 cc. water, on 
treatment with 12*5 cc, N.HCl required 110*5 c.a N/10 NaOtt 
Percentage of guanidine » 8*82. 

The compounds of glucose and maltose with guanidine are 
decomposed completely by the dilutest hydrochloric acid. 

Picric acid precipitates ^anidine picrate from aqueous solu- 
tions of compounds of ^amdine with glucose, fructose, galactose, 
and rhamnose, but the yield of picrate depends on the concentration 
of the solution in the case of the frxictose and rhamnose oom- 

Sounds. The influence of concentration of acid and time on the 
ecomposition of aqueous solutions of these suffar-compounds is 
still under investigation. Their optical activity is generallv much 
lower than that of the parent sugar, and dimmishes slowly until 
a constant value is obtained. The specific rotation of the glucose 
compound is [aj)] « 29'0^ which sinks in 6 days to [aj>] « - 6*2* ; 
for tne galactose compound [a^] « 52*9'', which becomes in 8 days 



of OuoLnidinB toith Sugars, 81 

[aj)] » 0*98"^ ; the fructose compound has an initial specific rota- 
tion of [ap] - - 58'3^ falling to [aj)] » - 1 8*7'' in 8 days. Maltose 
and rhamnose in their compounds with guanidine show a similar 
muta-rotation. An aq^ueous solution of the glucose guanidine 
compound has its optical activity changed to that of glucose 
on addition of hydrochloric acid. The extreme solubility in water, 
and insolubility in neutral organic solvents render the recrystal- 
iisatioh of these substances a matter of great difficulty, but as 
they were precipitated in a minutely crystalline form firom ethylic 
alcohol analyses were made of the precipitate, which had been 
washed with absolute alcohol and ether. Only in the case of 
rhamnose have we been able to obtain a derivative which can be 
reoystallised with difficulty from ethyl alcohol. Their melting 
points are low, between 94 — 98° with effervescence. On drying at 
¥)'' the substances soften and become yellow in colour. The yields 
of these guanidine compounds are excellent ; from 18 grams of 
glucose dissolved in 1500 c.a of absolute alcohol nearly 23 grams 
of the additive product were precipitated ; the yield is quantita- 
tive ; moreover the alcoholic filtrate was inactive and changed the 
colour of a Fehlin^s solution only slightly on boiling. Heating 
to 100° modified tne properties of these substances in a striking 
manner; they melt and alcohol is evolved, but no ammonia; their 
reducing power towards Fehling's solution is diminished, and they 
give no alkaline reaction in aqueous solution. Their behaviour 
towards phenylhydrazine acetate is unchanged, except in the case 
of the galactose derivative, which nves no longer an osazone, 
and does not react with picric acid to give guanidine picrate. 
In all the cases examined the percentages of carbon and nitrogen 
increase on melting the substances. We have not been able to 
obtain the fused products in a crystalline form, and have analysed 
them directly. The maltose compound loses four molecules of 
water besides alcohol, those of rhamnose and galactose one molecule 
of water. 

We are unable at present to assign with certainty constitu- 
tional formulae to these substances, but the investigation is being 
continued^ and we hope that a careful examination of the products 
obtained by heating the substances to 100° C. will throw light on 
their constitution. In this preliminary notice we desire to express 
our thanks to the Qovemment Grant Oommittee of the Royal 
Society for a grant covering the cost of the material of this 
research. 
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The influence of very etrong etectro-magnetio fields on the 
mark spectra of gold, antimony, bismuth, lead, and tin. By 
if. K PuBVis, M.A., St John's College, Cambridge. 

[Read 27 Febnuuy 1905.] 

The aim of this prelimiaaiy paper is to describe the effects on 
the appearance of the spectra of the above-mentioned elementa^ 
when their spark discharge takes place in very strong electro- 
magnetic fields. 

Description of the apparatus. 

The spectroscope ased in the experiments is Professor Liveinf^s 
large 21-toot concave grating. The spectrum of the second ordbr 
was used for wave-lenffths firom about X S600 and extending into 
the ultra-violet ; and that of the first order for lines whose wave- 
lengths are below X3600. The width of the elit was varied from 
time to time, when it was required to examine the effect on the 
stronger or weaker linea In the case of very strong wide lines, 
the sUt must be considerably narrower than for finer lines, if the 
* Zeemann' effect is to be seen. 

Self-induction coils were introduced occasionally : and al- 
though, as has been before noticed, the lines appear to become 
sharper, there is the drawback that they appear to be weakened 
as well, and also the weaker lines become so much weakened as 
to have no effect on the photographic plate. 

The electro-magnet is of the du Doia fonn. The poles are 
conical, and the noses of the pole pieces are 7 mm. diameter. 
In these experiments the distance between the poles was 4 mm. 
In this space, with a current of 25 amperes, a field strength of 
about 41,000 C.Q.& units can be obtained. A current of 21 amperes 
was employed in these experiments and this gives a field of 
40,000 units. The coils wound round the magnet become wann 
after 40 minutes running, and when larger exposures were neoeesaiy 
to photograph the wester lines, it was necessary to cool down, 
and repeat the experiment after the magnet had cooled. This 
did not seem to interfere with the exactness of the definitioD 
of the lines, unless there was an excessivelv windy day. 

The current supplying the magnet was obtained directly firom 
a dynamo. It was easify controUed when allowing for the in- 
creased resistance as the coils became warmer, and there was 
no di£Sculty in keeping the current constant as shown by the 
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ammeter. The magnet was arranged broadside on, that is, the 
lines of force between the poles were in a direction perpendicular 
to the line joining the slit and the grating. 

The ends of me electrodes were held firmly in the middle of 
the gap between the poles by means of a specially constracted 
mechanical arrangement. The stand of this holder is firmly 
clamped to the stage of the magnet, and it has three movements. 
The holder can be moved upwards or downwards ; also in a direc- 
tion perpendicular to this; and thirdly there is a slow adjustment 
to keep the ends of the electrodes at a constant distance from 
each other. This slow adjustment is very necessary, because, as 
the ends of the electrodes wear away during the sparking, and 
the distance between them becomes greater, the spark begins lo 
discharge to the poles of the magnet. The distance between the 
ends of the electrodes was usually from I to 2 mm. 

The electrodes of the metals gold, tin, and lead were thin 
strips of about 2 mm. wide and 1 mm. thick. Those of antimony 
and bismuth were made by melting the metals, and sucking the 
molten metal into narrow glass tubes of about 2 mm. internal 
diameter. The ^lass and its solidified contents were then thrown 
mto water, and it was easy to pick off the shattered glass from 
the surface of the pencil of metal. The pieces were then carefully 
filed flatter. 

The spark was focusned on the slit by a quartz lens of a focal 
length of about 5 inches and of 1 inch diameter. It was firmly 
fixed in a holder, and it could be moved upwards or downwanjs 
by a fine screw through a distance of 2 or 3 mm. By this means 
two photographs could be taken on the same plate, one parallel 
to the other-— one of the normal spark and the other when the 
spark was discharging in the magnetic field. 

In order to analyse the nature of the vibrations in the magnetic 
field, a calcite crystal was introduced between the quartz lens and 
the slit of the spectroscope. The ciystal was specially polished 
at the rhombic ends, and it was selected of a sufficient size to 
disperse the two images of the ordinary and extraordinary rays 
at a convenient distance from each other. The two images were 
about 2*5 mm. from and above each other when thej fell on the 
slit; and the optic axis of the crystal was perpendicular to the 
lines of force between the poles of the magne'^ By this arrange- 
ment the "ordinary" and the ''extraordinary" vibrations of the 
same line could be photographed on the same plate. 

As a rule, any division of the lines into triplets is well marked 
when the lines are observed in the second order. As regards the 
lines observed in the first order the division is not so well marked, 
onleas they are sharp and narrow. When any line is normally 
Btrcmg and broad, a widening may be notiora, and it is then 
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necessary to analyse it by the calcite to determine if it is merely 
a widening or if it is a real division. Further, there is obviously 
a great loss of light when the normal image is divided by the 
calcite ; and, although some lines are distinctly widened when in 
the field, they are so much weakened by the calcite dispersion 
that the images do not appear on the plate even after 1^ hourB* 
exposure. Consequently only the well-marked and the strongest 
lines were observed. 

To obtain the discharge, an App's coil was used with a larae 
Leyden jar, which could give a spark of 6 inches long. In the 
case of antimony, bismuth, lead, and tin, it was found necessaiy 
not to have such a violent discharge, because the temperature 
was often raised so high as to melt the ends of the electrodes. 

Maxim's special rapid photographic plates were used and de- 
veloped with a mixture of metol-hydroquinone. The time of 
exposure varied from 30 to 90 minutes as required by the nature 
and intensity of the various lines. 



Results. 

The following notes describe the effect on the various lines 
whose wave-lengths are mentioned on the left-hand side. 

Gold. 

Wave-length 

X 4792*8. A triplet ; the two outside members of which seem to 

vibrate perpendicular to the lines of force between the 
poles of the magnet, and the inner one parallel thereta 

4607 '8. There seems to be a widening of this line ; but the air lines 
in the region interfere with a more exact analyaLs. 

4488*4. This line is distinctly widened; and, on analysing it with 
the calcite crystal, it seems to be a triplet with the two 
outer members vibrating perpendicular to the lines of 
force, and the inner one parallel thereta 

4437*3. A distinct widening of the line, but it is too weak to 
affect the sensitive plate when the calcite is interposed 
to analyse it. 

4315*3. A distinct widening of the line; but it is also too weak 
as in X 4437 3. 

4065*2, This line is distinctly widened ; and, on analysing it with 
the caJoite, it seems to be divided into a triplet^ with 
the two outside members vibrating perpendicular to the 
lines of force, and the middle one parallel thereto. 

4053*0. It shows a distinct widening, and when analysed by the 
calcite, it seems to be a triplet, the two outer memben 
vibrating peipendioular, and the inner one parallel, to 
the lines of force. 
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Wuve-Ungth 

X 4041*1.^ These two lines show a distinct widening — but are too weak 
401 6 2. J to analyse. 
3898*0. This line is a triplet, the two outer members of which 

vibrate perpendicular to the lines of force, and the inner 

one parallel thereto. 
3804-2. This line is widened, and, on analysing it, although it is 

rather weak it seems to be a triplet, with the three 

components vibrating like Xd898. 
3633*4. This line is widened, but it is too weak to analyse. 
3586*6. This line appears as a widened reversal or doublet. The 

reversal is not sharp nor well defined. 
3553-7. This line is widened, but it is also too weak to analjrse. 
3122'8. This is a triplet; the two outside members of which 

vibrate parallel to the lines of force, and the middle 

one perpendicular thereto. 
3122*6. A weak line which appears to be widened, although this 

is not easy to make out on account of its weakness, and 

also particularly its nearness to X 3122*8. 
3029*3. This line is a doublet or reversal. Tho two members are 

quite clear, sharp and well defined. 
2995*1. A somewhat broad line, which seems to show signs of 

widening. 
2990*3. The line is weak, and seems to become a doublet or reversal 

— V)ut the division is not very clear or well defined. 
2913*6. This line becomes a triplet, the two outside members of 

which vibrate perpendicular to the lines of force, and 

the inner one is parallel thereta 
2825*5. It seems to be slightly widened, but it is too weak to 

analyse. 
2820*1. A rather broad line, which seems to be slightly widened, 

but it is too weak to analyse. 
2802*3. This line shows signs of widening. 
3748*3. This line becomes a triplet, the two outside members of 

which vibrate perpendicular, and the inner one parallel, 

to the lines of force. 
2676*5. This line becomes a widened doublet or reversal. The two 

divisions are sharp, clear and well defined. 
2428*1. This line also becomes a widened doublet or reversal The 

two members do not appear to be so sharp nor so clearly 

defined as those of 3029*3 and 2676*5. 

With regard to the lines which are divided into triplets, of 
thoee arising from 4792*8, 4488*4, 4065*2, 4053, 3898, 3804*2, 
2913*6, 2748*3, the two outer members vibrate perpendicular to 
the lines of force, and the inner one parallel thereto. Whilst of 
the triplet arising from 3122*8 the two outer members vibrate 
parallel, and the inner one perpendicular, to the lines of force. 

It may be mentioned here that the air lines at 4600 and 
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3994 show well-marked signs of being widened, as has beea 
noted before. 



Antihont. 

X 4622*0. This line becomes a widened revenal or doublet T1mi| 

separation is well marked and clearly defined. 

4351*5 "^ 

Aoai.A \ '^^ broad lines which seem to show signs of widening. 

4132*8.^ Two lines, which seem to show distinct widening, bat sie 

4033*7./ too weak to analyse. 

3722*4. This line becomes a widened reversal or doableL His 

separation is quite sharp and clearly defined. 
3637*5. There is a distinct widening of this line. On analysiqg 

it with the calcite, it seems to be a triplet^ with the two 

outer components vibrating perpendicular, and the innor 

one parallel, to the lines of force. 
3597*8. A nebulous line, and seems to show signs of being 

widened. 
3520*3. A weak line, which appears to be widened, but it is too 

weak to analyse. 

3498*3 f '^^^ nebulous lines, which appear to be widened. 

3267*6. There is well marked widening. When analysed with the 

calcite, it appears to be a triplet^ the two outside 

members of which vibrate parallel, and the inner cos 

perpendicular, to the lines offeree. 
3240*5. A broad nebulous line, which appears to be alightly 

widened. 
3231*6. This becomes a triplet^ the two outer members vibntte 

parallel, and the inner one perpendicular, to the lines ol 

force. 
3039*8. A broad diffuse line, which is perhaps a little widened. 
3029. This becomes a triplet. On analysing with the caloits^ it 

seems to be divided like 3231*6, but the members of 

the triplet do not seem to be as sharply defined as tfaoos 

of 3231*6. 
2877*1. There is a distinct widening. On analysing with the oaleite, 

it appears to be a triplet^ with the two outside mamben 

vibnting parallel, and the inner one perpendicular, to 

the lines of force. 
2768*1. This line is widened, but it does not seem to be separated 

by the calcita 

2717*91 

2691 *3*i ^^^ ^^ ^^^ * widening, but they are too weak to 

2681*7 f cmalyse by th3 caldte. 

2668*9. A widened reversal or doublet The separation la weU 
marked and clearly defined. 
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W4K9e-4ength 

X 2651 '7.^ These lines show distinct widening — but they are too weak 
2611*3./ to analyse. 
2597*2. It shows a distinct widening; but the calcite did not 

separate it fnriher. 
2572*7. This line is rather weak, but it neems to show signs of 

widening. 
2527*6. A distinct widening; and, on analysis, it appears to be 

a triplet, with the two outer members vibrating parallel, 

and the inner one perpendicular, to the lines of force. 
2477*3.1^ These lines show a distinct widening — but they are too 
2444*8./ weak to analyse. 

With re^^ard to the lines divided into triplets, it is seen that 
of those arising from 8267-6, 3231-6. 3029, 2877*1, 25276, the two 
cater members vibrate parallel, and the inner one perpendicular, 
to the lines of force. On the other hand, of the triplet arising 
from 3637*5, the two outer members vibrate perpenaicular, and 
the inner one parallel, to the lines of force. 

There are tnree lines on the plates and marked by Hartley 
and Adeney as belonging to tellurium, which may be mentioned 
here, namely: 

3382*0. A sharp, well-marked and weak line when the spark is 
normal; but when it is in the magnetic field there 
appears to be no impression on the plate, even after 
70 minutes' exposure. It may be due to a widening or 
a division of the line which makes it too weak to affect 
the sensitive plate. 

3273-0. This is a widened doublet or reversal. The separation is 
well marked and sharply defined. 

3246*6. This gives a distinct widening. When analysed with the 
calcite, it seems to be a triplet, with the two outside 
members vibrating parallel, and the inner one perpen- 
dicular, to the lines of force. 



Bismuth. 

4724*5 This line becomes a widened doublet or reversal. 

4301 *5.\ Two broad strong lines and they appear to be slightly 

4259*2./ widened. 

4121*2. The line becomes a triplet, with the two outer components 

vibrating perpendicular, and the inner one parallel, to 

the lines of force. 

4079*0) 

3863*7 V ^^^ '^'^ strong diffUse lines, and seem to show signs of 

3792*7!) ^^^ widened. 

yoi^ xi|L rr, w. 7 
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Wavt'lengik 

X 37570. This strong diffuse line seems to be widened, sod one or 

two plates also show a weak ill-defined doublet or re- 
▼ersiJ. 

3595*7. This line shows a widening, but no separation could be 
made out when the oalcite wiu interposed. 

3510'5. The line sliowed distinct widening; and on analysing with 
the calcite, it seems to be a triplet, with the two outer 
members vibrating parallel, and the inner one perpen- 
dicular, to the lines of force. 

3396*7. There is a widening, but no separation could be made out 
on interposing the calcite crystal. 

3075*7. There seems to be a widening, but when the calcite is 
interposed, the light is too weak to affect the photo- 
graphic plate. 

3067*1. A strong Ime with diffuse edges and well marked reverssl, 
even when the spark is normal. In the magnetic field 
each side of the reversal seems to be divided into two^ 
and the appearance on the plate is of four lines, with 
the two outside members rather diffuse on the outer 
edges, and the two inner members much sharper. 

3023*8. The iLie gives a widened doublet or reversal. 

2992*2. This weak line shows a distinct widening. On analysing 
with the calcite, the two outer components vibrate per- 
pendicular, and the inner one parallel, to the lines of 
force. 

2988*1. A widened doublet or reversal. 

2937*5. The line is distinctly widened. On analysing with the 
calcite, it seems to be a triplet, with the two outer 
components vibrating perpendicular, and the inner one 
parallel, to the lines of force. 

2897*2. There is a distinct widening. On analysis, it appears to 
be a triplet, with the two outer components vibrating 
perpendicular, and the inner one parallel, to the lines 
of force. 

2779*3. \ Both these lines seem to be slightly widened, but they are 

2627*0./ too weak to analyse with the calcite. 

Of the lines divided into triplets, those arising from 41 21 '2, 
2992-2, 2937-5, 28972, show that the two outer members vibrate 
perpendicular, and the inner one parallel, to the lines of foi^e. 
Whilst of the triplet arising from 3510-5, the two outer members 
vibrate parallel, and the inner one perpendicular, to the lines 
of force. 



Lead. 

4386' 4.^ Both these lines are strong and nebulous on the leaa te- 
4246*3./ frangible side; and both show distinct widening. 
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Wave-length 

k 4168*2. This line shows distiDCt widening — but it is too weak to 

affect the sensitive plate when the calcite is intro- 
duced. 
4061 '5. This becomes a triplet, and the two outside components 

seem to vibrate perpendicular, and the inner one parallel, 

to the lines of force. 
4057 '5. This becomes a triplet. The two outside components 

vibrate perpendicular, and the inner one parallel, to 

the lines of force. 
4020*5. The line shows marked widening, but it is too weak to 

affect the plate when the calcite is introduced. 
3853*2. A broad line which seems to be widened. 
3738 '9. This line becomes a triplet, the two outside members 

vibrating perpendicular, and the inner one parallel, to 

the lines of force. 
3682*9. This becomes a triplet, and the components vibrating like 

those of 3738*9. 
3671*0. It shows distinct widening — but the line is too weak to 

affect the plate when the calcite is interposed, even after 

more than 60 minutes' exposure. 
3639*2. This line becomes a triplet, the two outside components 

vibrating perpendicular, and the inner one parallel, to 

the lines of force. 
3572*6. A weak line, which seems to be a triplet, the members of 

which vibrate like those of 3639*2. 
2872*2. The line becomes a widened reversal or doublet. 
2832*2. The line is distinctly widened ; and, on analysing it with 

the calcite, seems to be a triplet, with the two outer 

members vibrating perpendicular, and the inner one 

parallel, to the lines of force. 
2822*1. The line is distinctly widened, but it is too weak to 

analyse. 
2801*4. This l^e is widened, and the calcite separates it into 

a triplet, with the two outer components vibrating per- 

^ndicular, and the inner one parallel, to the lines of 

force. 
2662*5. The line is widened. On analysing with the calcite the 

components are weak, but it seems to be divided into 

a triplet, with the two outside members vibrating 

parallel, and the inner one perpendicular, to the lines 

of force. 
2613*4. There is a distinct widening. With the calcite it is 

divided into three, and the two outer members vibrate 

parallel, and the inner one perpendicular, to the lines 

of force. 

2^7/sV I ^^^ ^^ ^'^^ widened, but are too weak to analyse. 
2204*3, A weak nebulous line, which seems to show signs of 

7—2 
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With regard to the lines divided into triplets, of the lines 
4061-6, 4057-6, 3788-9, 86829, 3639-2, 3572-6, 2832-2, 2801-4, the 
two outside members vibrate perpendicular, and the inner one 
parallel, to the lines of force. On the other hand, of the triplets 
arising from 2662*5 and 2613-4, the two outside members vibrate 
parallel, and the inner one perpendicular, to the lines of force. 

Tin. 

Wave-length 

\ 4524*0. The line becomes a triplet, the two outer members of which 

vibrate perpendicular to the line of force, and the inner 

one parsdlel thereto. 
3800*3. There is a distinct widening, and, when analysed by the 

calcite, it seems to be a triplet, with the two outside 

components vibrating perpendicular, and the inner one 

parallel^ to the lines of force. 
3655*5. The line is widened, but the image is too weak to analyse. 
3351*8. A nebulous band, which seems to be very slightly widened. 

No separation can be made out by the calcite. 
3330*0. This line becomes a doublet or reversal. The separation is 

clear, sharp and well defined. 
3282*9. A nebulous band, which seems to be very slightly widened. 

No separation can be made out by the calcite. 
3261*6. The line becomes a triplet, and the two outside members 

vibrate parallel, and the inner one perpendicular, to the 

lines of force. 
3174*3. This line becomes a triplet, with the two outer components 

vibrating paraUel, and the inner one perpendicular, to 

the lines of force. 
3033*1. This becomes a triplet, with the two outer members 

vibrating perpendicular, and the inner one parallel, to 

the lines of force. The three components, when analysed 

by the calcite, do not appear so well defined nor so sharp 

as in other instances. 
3007*9. This is a triplet, with the members vibrating as in "033*1. 

And also here the components separated by the calcite 

are not so well defined, although the definition is sharper 

than that of 30331. 
2862*1. This line becomes a triplet, the two outer components 

vibrating perpendicular, and the inner one parallel, to 

the lines of force. 
2849*3. A somewhat weak line, which is widened. The separation 

is not very well defined, but it seems to be a triplet, 

witn the two outer members vibrating perpendicular, 

and the inner one parallel, to the lines of force. 
2838*9. This becomes a triplet, with the components vibrating as 

the last. 
2705*8. There is a well-marked widening, but the line is too weak 

to analyse with the calcite. 
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With regard to the Unes divided into triplets, of those which 
arise from the lines 4524, 38003, 30331, 3007*9, 2862*1, 2849*3, 
2838*9, the two outside components vibrate perpendicular to the 
lines of force and the inner one parallel thereto. Whilst of the 
triplets which arise from 3261*6 and 3174*3, the two outer 
members vibrate parallel, and the inner one perpendicular, to the 
lines of force. 

There is a weak line at 3032*2 which appears to belong to 
arsenic, and it seems to be widened in the magnetic field. 

The general results, therefore, of the effect of very strong 
electro-magnetic fields on the spark spectra of the above-mentioned 
elements are : — 

(1) That there is a division of some lines into triplets, the 
components of which vary in the directions of their vibrations. 

(2) That other lines are widened, even when they do not 
seem to be divided. 

(3) That there is an increase in the number of lines which 
are reversed, if these, or some of them, are not real doublets. 
It may be mentioned that some of these reversals or doublets 
seem to be as persistent as those which have been noticed when 
the reversed line has its origin in the arc. 

With regard to the doublets or reversals, it does not seem 
easy to distinguish them from each other when they are observed 
with the magnet broadside on. But there may be a difference 
in that when a line is really doubled, the two components seem 
to be much wider apart than is observed usually in reversals ; and 
they are also sharp, well defined and persistent. However, this is 
a question which will be investi^ted later. 

The investififation is still m progress, together with other 
elements and alloys, and some of the photographs will be pub- 
lished later. 

Finally, I desire to express my best thanks to Professor Liveing 
for allowinfl^ me the use of his spectroscope ; to Mr Q. F. C. Searle 
for measuring the magnet after it was constructed ; and to Mr C. T. 
Heycock for the gift of the electrodes of pure gold. 
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On the relation in size bettveen {he megalosphere and the 
microspheric and megalospheric tests in the Nammulites. By 
J. J. Lister, M.A., F.R.S., St John's College. 

[Read 13 March 1905.] 

At the meeting of the Society on 31 October, 1904, the author 
drew attention to the fact that in the three English species of 
Nummulites, viz. jV. laevigatus, variolarius and 'elegans,' both 
megalospheric and microspheric forms were represented and 
associated in the Bracklesbam and Barton beds of the Hamp- 
shire basin. 

A comparison of the sizes of the megalospheres in these species 
suggested that a definite relation might exist between them and 
the sizes of the whole microspheric tests. 

To examine this question the following species have been 
examined : Nummulites complanatus (tchihaicheffi), N, perforaius 
{Lucasanus), N. gizehensis (curvispirus), N, per/oratus var. obesus 
{Lucasanm var. obsoletus), N. taevigatus (Lam^arcki), AssUina 
exponens (mamillata\ Nummulites biarritzensis (guettardi), N. dis- 
corbinus (sub-discorbinus), N Orbignyi {wemmelensis var. elegans) 
and N. variolarius (Heberti). (The name included in brackets is 
that of the alternate form of the species. In all cases except the 
last it happens that the name of the microspheric form has priority 
over that of the megalospheric.) 

The species are here arranged in order of the sizes of the 
megalospheres, and this is found to coincide with the order of the 
volumes of the microspheric tests (with the exception of the 
variety obesus of N. perfora^tus, the microspheric test of which 
falls one place out in the series). 

PolysUymella ctHspa is the onl^ member of the NummuUiidae 
of which the details of the life-history are approximately known, 
and in this the only mode of origin of the megalospheric form 
which has been observed is, by an asexual process of reproduction, 
from a microspheric parent. Hence it would appear tnat in this 
mode of reproduction, in the NummiUitidae, the size of the oflbpring 
is approximately proportional to the volume of the protoplasm of 
the parent. 
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The microsphere probably arises as a zygote formed by the 
conjugation of the zoospores produced by the megalosphenc in- 
dividuals; and the size of the microsphere is found not to vary 
outside 15-20^ in the four species (N. aizehenaia, Idevigatus, 
Orbignyt and tKiriolaritu) in which it has been measured. 

llie two modes of reproduction are thus contrasted in the size 
of the ofispring. 

The great reduction in the size of the megalospheric test in 
the earlier species on the list (N. complanatua, perforatua, &c.) 
was compared with the corresponding phenomenon offered by 
Ferns, in which the prothallus is dwarfed by the large size of 
the sporophyte. 
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The old Moraines of South Victoria Land. By H. T. FsRRAR, 
M.A., Sidney Sussex College. (Communicated by Mr A. E. 
Shipley.) 

[Bead 13 March 1905.] 

The paper first dealt with the Topography of South Victoria 
Land, a land consisting of a range of mountains some 800 miles 
long in a North and South direction, with a steep Eastward &oe 
on an average 10,000 feet high, facing the sea and buttressing a 
vast interior ice-field. Details were given of the stranded moraines 
on Cape Adare, on the Possession Islands and on Franklin Island 
as well as those high on the slopes of Mount Erebus and Terror. 
The latter could only have been landed there by the Roes Ice- 
sheet being thicker than it is at present Reversed glaciers, 
glaciers not reaching the sea and beheaded glaciers were men- 
tioned ; all pointing to the same conclusion, a retreat of the ice. 

This retreat is now going on, so that increase of cold could not 
produce a greater glaciatiou. If this former greater extension was 
due to a wanner climate, why have the IVew Zealand glaciers 
decreased of late, and what is the connection of the 'Ice-age' of 
Europe with the 'Great Glacier Epoch' of New Zealana and 
Patagonia ? 
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Notes on a Collection of Parasites belonging to the Mtiseum of 
University CoUege, Dundee. By A. E. Shipley, M.A., F.B.S., 
Fellow and Tutor of Christ's College, Cambridge, and University 
Lecturer in the Morphology of the Invertebrata. 

[Received 7 March 1905.] 

This collection of parasites was handed to me some consider- 
able time ago for determination; in working them out I have in 
many cases consulted Dr von LiDstow to whom I owe my best 
thanks for his ready help. The collection contained fifteen species 
of Nematoda of which eleven belonged to the genus Ascans and 
ten species of Cestoda of which five belonged to the genus 
BothrtocefJialus. 

As befits an important centre of the whaling industry the 
parasites collected in the Museum at Dundee are largely taken 
m>m marine animals. The seal, the walrus, the narwhal, the 
dolphin, sever^ fishes and the cormorant figure amongst the 
hosts. A complete list of these is given at the end of the raper. 



NEMATODA. 

L A8CARI8 ADUNCA Rud. 

A. rigida Bud. 
A. biuncinata Molin. 
Diesing, System. Helm. ii. p. 171. 
Molin, SB. Ak. Wien. xxxiii. p. 297. 
Schneider, Monog. d. Nematoden, p. 48. 
Bamsay Wright, P. Canad Inst L 1879, p. 72. 
von linstow, ArcL Naturg. 1878, p. 236. 

„ 1884, p. 180. 
Ergebn. Hamburger MagrJhaenische Sammelreise, I. 

Numerous specimens from Lophius sp. The organ affected 
was indecipherable. The nematode is described from the stomach 
and intestine of the Alosa vulgaris Cuv. and Yal. 
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2. ASCARIS ATTENUATA Molin. 

Molin, SB. Ak. Wien. xxx. p. 147. 

A large number of specimens with no host recorded, they were 
presumably taken from a Python as von Linstow records this 
species in the intestine of Python tigris Daud. Another bottle 
contained specimens firom Python molurus Gray. 

3. ASCARIS CLAVATA Rud. 

Diesing, Syst. Uelm. ii. p. 176 and Revision d. Nematoden, 
p. 664. 

von Linstow, Arch. Nature. 1880, p. 43. 

„ Arch. mikr. Anat. LX. 1902, p. 2. 

Several specimens taken from the duodenum of the Cod Qadus 
morrhua, it is also recorded from the Haddock Qadus aeglefinus. 

4. ASCARIS DECIPIENS Krabbe. 

Erabbe, Vid. Medd. pp. 45 — 47. 

von Linstow, Fauna artica, R<5mer and Schaudinn, L p. 119, 
Jena, 1900. 

No host is recorded for these specimens but it is common 
enough in the intestine of Phoca harbata iiuUer and Phoca 
aroenla/ndica iitiller, Phoca hispida Schreb and Phoca vitMina 
Lin. 

Another collection taken on the S.S. Eclipse were found in a 
bearded seal Phoca barbata Mtiller at Lat. 68 30' N. and Longit 
55" 10' W. 

Another collection was made from the stomach of the Walrus 
Trichechus rosmarus Lin. taken ofif Qreenland. 

5. ASCARIS MYSTAX Rud. 

Diesing, Syst. Helm. IL p. 179. 

„ SB. Ak Wien, XLIL 
Schneider, Monog. d. Nematoden, p. 38. 
Bischo£f, Zeitschr. wiss. Zool. VL p. 377. 
Baird, Rep. New York Zool. Soc. viil. 1903, p. 129. 

A few specimens from a dog. This Nenuitode is also a human 
parasite, bemg occasionally found in the intestines. 

6. ASCARIS OSCULATA Rud. 

Schneider's Monogr. d. Nematoden, p. 44. 

Krabbe, Vid. Medd. p. 46. 

Nehring, SB. Qen, naturf. Berlin, 1884, p. 59. 
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von Linstow, Fauna artica, Romer and Schaudinn, I. p. 119, 
Jena, 1900. 

▼on Linstow, Arch. mikr. Anat XLiv. p. 509. 

Jo^euz-Laffuie, Bull. Soc. Normand. vili. 1895, p. 144. 

Stiles and Haswell, Internal Parasites of the Pribilof Fur Seal, 
Washington, 1899. 

Numerous specimens from Phoca barbata but from what part 
of the body is not recorded. It has been described from the 
intestine of this species of seal as well as from that of Halichoerus 
grypus Nilss., Monackus aXbiventer Gray, Phoca cristata Fahr., 
Trxchechus rosmarus Lin., Leptonyx monachus Fahr., Phoca grotn- 
Umdica iitiller, Phoca annellata Nilss., Phoca panthenna, and 
Phoca vitulina, A second set of specimens came from the Harp 
Seal Phoca groerddndica. 

7. ASCARI8 RUBICUNDA Schneider. 

Schneider's Bfonogr. d. Nematoden, p. 42. 
Stossich, Boll. Soc. Adriat. xvi. 1895. 
Mailer, Arch. Naturg. LXiii. 1897, p. 9. 

A few specimens from an undetermined Python. This species 
has been described from the oesophagus and stomach of Python 
molurue Gray. 

8. ASCARI8 SIMPLEX Rud. 

Rudolphi, Entoz. Hist. Ii. p. 170, and Synops. p. 49. 
Erabl^, Vid. Medd. p. 47. 

von Linstow, Voyage of the Challenger, xxiii. Pt LXXi. p. 2. 
Stiles and Haswell, Internal Parasites of the Pribilof Fur Seal, 
Washington, 1899. 

Many specimens from the Dolphin Delphinus delphis Lin. 
The species has also been described from Phocaena communis 
Guy., Platanista gangetica Cuv. It is found in the stomach and 
oesophagus. 

9. AS0ARI8 SPICULTFERA Rud. 

Diesing, Syst. Helm. ii. p. 157. 

Leidy, P. Ac. Philad. 1868, p. 102. 

Schneider, Monog. d. Nemat. p. 45. 

Parona, Elmintol. Sard p. 70. 

von Linstow, Voyage of the Challenger, xxiiL 

A few specimens from the stomach of the Cormorant, Phah- 
crocorax sp. It is a common species in sea-birds. 
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10. A8CARIS T7PIGA (Diesing). 

ConocepluiliLS typicus Dies. 
SB. Ak. Wien, XLii. (1860), 1861, p. 669. 
C. W. Stiles and A. Haswell, The Interoal Parasites of the 
Pribilof Fur Seal, Pt in. p. 127, Washington, 1899. 

A few examples from the stomach of Olobicephaiue gUbiotpe^ 
others from that of Delfkinaa delpkia Lin. 

11. A8CARI8 sp. 

This Ascaris from an unknown host was unidenti&able. 

12. PHY8AL0PTERA DILATATA Rud. 

DiesiDg, Sysjb. Helm. IL pp. 233—234. 

Molin, Monogr. del. Gen. Phyealoptera, pp. 648—649. 

A few specimens of what seem to be Physaioptera dHaiaia 
were taken from the Hussar Monkey, Cercopithecus pyrrhonoius 
probably from the stomach). Von Linstow recoids it from 
JLogathrix humboldtii Qeoffir. and from Celms fatuellus Erxl. 

18. PHY8AL0PTERA TERDENTATA Molin. 

Molin, Verb. Oea Wien, 1882, p. 127, and Monog. d. genus 
Physaloptera, SB. Ak. Wien, 1860, p. 651. 

Four specimens from a Leopard. This species has hitherto 
been described from the Puma, Felis concolar and it is quite 
possible that the word leopard has been loosely applied in this 
instance. 

14. P8EUDALIU8 ALATU8 Leuck. 

Wiegmann's Arch. Natuig. 1848, pp. 26—28. 
▼on Linstow, P. R. Soa l^inb. XVL 1888. 

A large collection from a Narwhal, Monodon monooeroe taken 
off Qreenland. The part of the body from which the Nematodes 
were taken is not mentioned. Yon Linstow's specimens came 
from the vessels of the inside of the cranium, the Eustachian 
tubes and the pharynx. 

16. 8PIR0PTERINA CORONATA van Ben. 
van Beneden^ Mem. sur L vers intestinaux, Paris, 1861. 

Several specimens from " a Dogfish." It usually ooouia in the 
liver. 
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CESTODA. 

16. ANTHOBOTHRIUM TORTUM v. Lins. 

von Liostow, Arch. Bakter. xxxvii. 1904, p. 682. 

This curious tapeworm was fonnd with its head embedded in 
the tissues of the stomach wall of a Phoca barbala. The length is 
som^ 23 mm., the breadth 3 mm., the edges of the animM are 
thickened and the animal is twisted or coiled round its longi- 
tudinal axis. The head bears firm cushions and in the centre a 




AntKfbothrlum lortiut 
Entin uiioul x 4. 



Ton IiJDi. From Phoca barbala. 
B. Anterior Tiaw of haad x 



maze of convoluted ridges as is shown in the figure. The pro- 
glottidefl are anteriorly O'l 1 mm. long, posteriorly 0'24 mm. There 
are no calcareous bodies and the reproductive organs had not 
developed. The central area was well marked off from the 
peripheral by traasverse mnsoles. 
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17. ANTHOCEPHALUS BEPTANS Wag. 

Diesing, Syst. Helm. i. p. 56S. 

„ SB. Ak. Wien, XLViii. p. 313. 
Olsson, Lund. Univ. Ars-skr. iv. p. 9. 

A few specimens from the muscles of Brama rayi Bloch : it is 
also recorded from the muscles, peritoneum, liver of Pogoniu 
chroniis Cuv. and Val. 

18. BOTUBIOCEPHALUS AN0USTATU8 Rud. 

Diesing, Syst. Helm. i. p. 594. 

Numerous fragments taken from the intestine of the Salmon, 
Saimo solar, Diesing records it from Scorpaena ecrofa Lin. 

19. BOTHBIOCEPHALUS ANTHOCEPHALUS Rud. 

Krabbe, Helmintholog. Undersogels. i Denmark og pa Island, 
Copenhagen, 1868. 

von Linstow, Bull. Ac. St Peterdb. xv. p. 271. 

Several examples fr-om an unknown host probably Phoca 
barbata. This seems to be the parasite for which Monticelli has 
proposed the generic name of Pyramicocephalue, Boll. Soc. Napoli, 
Ser. L IV. 1890, p. 189. 

20. BOTHBIOCEPHALUS LANCEOLATUS Kmbbe. 

Krabbe, Helmintholog. Undersogel. i Denmark og pa Island, 
Copenhagen, 1868. 

von Linstow, Arch. Naturg. 1878, p. 218. 
Buysson, H. du., Rev. Sci. Bourbonnais, xvi. p. 133. 

Several specimens from the intestine of Phoca barbaifi, this 
species has also been described from Qadus morrhua Cuv. 

21. BOTHBIOCEPHALUS MICBOCEPHALUS Rud, 

Diesing, Syst. Helm. i. p. 592. 
SB. Ak. Wien, XLVIII. 
Monticelli, Osservazioni sul Bothriocephalus microcephalus^ 
Rud., Napoli, 1888. 

Llihe, Zeitschr. wiss. Zool. LXViii. 1900, p. 43. 

Vefv numerous specimens taken from Orihagoriacue moia 
Schneider, the Sunfish. It is also recorded from 0, naew BaC 
It is found in the stomach, intestine and gills. 
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22. BOTHRIOCEPHALUa RUO0SU8 Goeze. 

Diesing, Syst. Helminth, i. p. 591. 

„ Rev. d. Cephal. Param. pp. 239—240. 
Wagner, Zeitschr. wias. ZooL ix. pp. 73 — 77. 
OIsBon, Acta Univ. Lund. iv. p. 10. 
von linstow, Arch. Naturg. 1888, pp. 242 — 245. 
Schaninaland, Jen. Zeitscbr. xix. 1883. 

A few specimens from the Haddock, Oadua deglefinua Lin. It 
is usually found in the intestine and the pyloric appendages. This 
species also occurs in the Cod and in Merlangus carbonarius Cuv., 
wta vulgarie, Motella muetela Cuv., and probably in many other 
fishes. 

23. CYSTICERCUS DELPHINI Rud. 

Box, Histoire des Vers, I. p. 324. 

van Beneden, C. R Ac. Scl lxvii. p. 1051. 

A fiur number of specimens taken from the blubber of 
Ddphinue delphis L. These cysticerci are said to be the larval 
fonns of some species of Phyllobotkrium, 

24. SOLENOPHORUa MEOALOCEPHALUS Creplin. 

Bothridium pythanis Blanchard. 

Diesing, Syst. Helminth, i. p. 595. 

Blanchard, Ann. Sci. nat. 3ni Ser. xi. p. 118. 

Qriessbach, Arch. mikr. Anat xxii. 1883, p. 365. 

Moniez, Bull, du Ddp. du Nord, 2nd Ser. 2 ann. 1879, p. 113. 

Stoesich, Boll. Soc. Adriat. xvi. 1895. 

Two specimens from a Python sebae. This species has also 
heen described from the intestine of Python molurue and P. tigris, 

25. TAENIA RACEMOSA Rud. 

Diesmg, Syst Helm. i. p. 511. 

Mainy specimens from Eunectee mvrinus Wagl., it has also 
D«©n described from the intestine of Bothrope jarardcca WagL 
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LIST OF HOSTS WITH THE PARASITES DESCRIBED 

IN THE FOREGOING PAPER. 



HOST 

Cants /amiliarig 

Cereopithecus pyr- 
rhonotus 

Ddphintu delphis 

Delphinua delphis 

"Dogfish" 

Fdis pardus 

Oadus morrhtui 

Olobiosphalus globi' 
eeps 

Lophiua sp. 

Afonodon monoceroa 

Phaloerocorax sp. 
Phoca barbata 
Phoea barbata 
1 PytJion sp. 
1 Python sp. 

Trichschns ro$maru9 



NEMATODA- 

PARASITE 
Asearis myBtax Rud. 
Pkygcdoptera dilaJkUa Rnd. 

Aseairis simplex Rud. 

Amsaris typica (Diesing) 
Spiropterina coronata van Ben. 
Physaloptsra terderUata Molin. 
A9cari$ clawUa Rud. 
Asearis typica (Diesing) 

Agcaria adunca Rud. 

PseudaMua ala^us Leuck. 

Atcaris spio^di/sra Rud. 
Aaearia decipiena Krabbe 
Aacaria oaculata Rud. 
Aaearia aUenuata Molin. 
Aacaria ntbicunda Schneider 

Aacaria decipierta Krabbe 



POSITION 
IN HOST 

nndetermined 

Stomach t 

Stomach and 
oeaophagoB 

Stomach 

t Liver 

Undetermined 

Duodenum 

Stomach 

Undetennined 

Undetermined 

Stomach 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Stomach 



Brama rayi 

Delphinua delphis 
Eunectea murinua 
Gadtta aeglefinua 

Orthagoriacua mda 

Phoca barbata 
1 Phoca barbata 
Phoca b<»rbata 
Python aeboA 
Salmo aalar 



CESTODA. 

AiUhocephaliu reptana Wag. 

Cyaticereus delphini Rud. 
Taenia raeemoaa Rud. 
Bothriocephaltta rugoaua Gotsze 

Boihriocephalua microcephatua Rud. 

Anthobothrium tortum v. Lins. 
Bothriocephalua anthooephalua Rud. 
Bothriocephaltu lanceoUUua Krabbe 
Solsnophortia megalocephcUua Creplin 
Bothriocephalua angustatus Rud. 



Undetermined 

Blubber 

Undetermined 

Undetermined 

Stomach, iii- 
testine, gilb 

Stomach 
Uiideterroined 

Intestine 
Intestine 
Intestine 



Devdapment 



On the Maturation and Early Development of the Unfertilized 
Egg in certain Sawflies (Tenthredinidae). By L. Doncaster, 
M.A., King's College* 

[Xeeeived 24 February 1905.] 

In a former note (Proc. Camb. Phil. Soc. Vol. xii. 1904, p. 474) 
I gave an account of the maturation and fate of the polar Dodies 
in Nematue ribesii, a sawfly in which unfertilized eggs yield males. 
The present note summarizes my investigations on other species 
of the fatnily. 

The species observed, in addition to N, ribesiiy are Nematue 
pavidus and N. lacteus, Poeciloeoma luteolum, CroeetLS varus and 
Hemichroa rufa. Of these species, N, pavidus is known to produce 
males from virgin eggs; N, lacteus lays eegs readily when not 
impregnated, and these develope to young larvae, but I know of 
no case in which they have been reared to adult flies. The species 
resembles N. pavidus so closely, however, that it probably belongs 
to the male-producing group. In N, lacteus the maturation and 
fate of the polar bodies was very similar to that described for N, 
ribesii; the second polar mitoses gave rise to four similar nuclei 
lying near the dorsal edge of the egg, of which the innermost is 
the egg-nucleus, the three outer the polar nuclei. The egg- 
nucleus sinks into the yolk and begins to divide to form the 
embryo, the outermost polar nucleus degenerates, and the two 
inner nuclei move togetner until they come into close contact. 
It appears however that the fusion is less complete than in N. 
ibesii, and the two nuclei break up into chromosomes, giving two 
groups lying side by side, each containing 8 chromosomes. One 
of these groups usually rapidly disappears, the other persists for 
some time longer. The series of iv. pavidxis was unfortunately 
not complete, but the stages obtained make it almost certain that 
the course of events is similar to that described in N. lacteus ; it 
appears therefore that both these species are essentially similar to 
ir. rSkeaii in their early development 

Poeciloeoma hxteolum is known to produce only %% from un- 
fertilized eggs, and can be bred for several generations without 
any males appearing. The maturation mitoses take place as 

* ▲ fall paper with figoret and diieustion will be publiehed eleewhere. 

VOL. XIIL PT. IL 8 
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before, giving rise to four nuclei which differ from those of the 
other species in being of different sizes. The outermost is 
smallest, the second larger, and the two inner ones larger stilL 
There is a considerably greater space between the two inner polar 
nuclei than in the male-producing species, and these two nndei 
show no teudeucy to conjugate. The ^g-nucleus sinks in and 
begins to divide, and the polar nuclei move slowly to the edge of 
the eggf begin to shrivel, and finally degenerate, usually without 
showing auy signs of breaking up into chromosomes. In some 
eggs, however, at a stage at which in normal eggs the polar nuclei 
would have nearly or quite disappeared, a compact mass of chro- 
mosomes is found in the "polar protoplasm ,"aDd it seems probable 
that in these rare cases a Aision of all three polar nuclei has taken 
place, as was found by Henking in certain insecta 

In Hemichroa rufa, which produces mostly females with a few 
males from unfertilized eggs, the course of events does not differ 
greatly from that in P. Ivieolum. The polar nuclei are- all about 
the same size, and the two outer degenerate rapidly ; the inner- 
most on the other hand becomes resolved into chromosomes which 
persist for some time without undergoing further change. As in 
P. luteolwni the two inner polar nuclei he far apart, and show no 
tendency to conjugate. 

Croesu8 varus produces only females from unfertilized eggs, 
and the male is not certainly known. The earliest stages obtained 
of this species were isifber the second polar mitosis, and show the 
two inner polar nuclei in the polar protoplasm, and the degenerat- 
ing remains of the outermost. The two inner polar nuclei are 
very close toc^ether, as if preparing to conjugate, but the ne](t 
stage shows that one of them has become resolved into chromo- 
somes, while the other has disappeared. The chromosomes derived 
from the innermost polar nucleus (nucleus of the second polar 
body) are at first eight in number, but before they degenerate 
they divide so that at a later stage a greater number is mund, as 
was frequently the case in N, ribesii and N, pavidus. 

It appears therefore that in the arrhenotokous species the 
inner daughter nucleus of the first polar body conjugates with the 
second polar nucleus, the conjugation being more or less complete 
in different cases ; in the thelytekous species, on the other hand, 
no tendency to conjugation between these nuclei is observable, 
unless their close proximity in C, varus indicates an abortive 
attempt at conjugation in that species. It is of interest in this 
connexion that in a very small proportion of eggs of N, ribetU, as 
was mentioned in my previous note, the development takes place 
after the thelytokous type, and it is known that a small percentage 
of females may be bred from virgin eggs of that species. 

In my note on N, ribesii it was mentioned that the chrome- 
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some number in the mitoses of the volk-nnclei derived from the 
egg-nucleus remained the same as m the maturation divisions, 
this has been confirmed by other sections of this species, and is 
seen even more clearly in P. luteolum, where the chromosome 
number is clearly eight, both in the polar mitoses and in those 
found in the blastoderm. This raises an important question, for P. 
Udeolum can continue to reproduce parthenogenetically for several 
generations, and if no doubling of the number takes place it 
seems impossible that reduction can occur. The question cannot 
be settled definitely until the oogenesis or spermatogenesis is 
worked out. but my provisional conclusion is that both maturation 
divisions are equational, and that no reduction takes place. 

Another point of interest concerns the centrosome. In none 
of the species studied have I been able to find centrosomes in the 

Eolar mitoses, but in the divisions of the yolk-nuclei and in the 
lastoderm they are conspicuous, consisting of a central deeply 
stained granule surrounded by a clear field. Since the eggs are 
unfertilized they cannot be derived from the spermatozoon, and it 
seems certain therefore that they arise de novo, as was found by 
Wilson in artificially parthenogenetic eggs of Echinoderma 
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Densities of Jhs EoflrOCs Crust beneath continmds and oesoMS 
ipan 
College. 

[Received 10 March 1905.] 



compared. By Rev. O. Fisher, M.A., F.Q.S., Hon. Fellow of Jesoa 
lleffe. 



The following paper refers to the subject treated of with 
Mr Brill's assistance in the second edition of my Physics, of the 
Earth* s Crust*. Our conclusions were criticised by Mr Blake f, 
while Mr Jukes-Browne desired further conditions to be takeo 
into account than we hc^ considered^. Since I referred to oar 
results in a paper at the British Association 1904, during the 
discussion of the causes of compression of the earth's crust§, I 
have been led to go through the problem afresh, making, as I 
think, considerable improvements in the demonstration, and ob- 
taining some additional results which are of interest. 

Neglecting the centrifugal effect, let us regard the earth as 
a sphere, whose surface consists of flat land and water. If it is 
spherical, gravity must be constant all over its suriace. Observa- 
tion upon the force of gravity upon islands, as well as Hecker's 
direct observations in crossing the Atlantic||, confirm this view. 

Let us therefore assume the earth to consist centricallv of a 
nucleus of concentric layers each of uniform density, covered with 
a concentric shell varymg from place to place in the number, 
density, and thickness, of the layers of which it is composed; but 
whose normal attraction over its outer spherical sur&ce is uniform. 
This attraction, combined with that of the nucleus, will cause 
gravity over the surface to be uniform. 

Since the density of the ocean is less than that of the land, 
and its depth variable, there must be some arrangement of the 
densities and thicknesses of the solid crust to compensate for these 
variations, so as to render the normal attraction constant; and oar 
enquiry consists in seeking some law which will effect this object 

The form being consickred spherical, and the normal attraction 
of the solid crust and the ocean as constant over the surfiice, it is 
equivalent to that of some hypothetical uniform shell. If we then 

* Phyiics €ff the Earih*s Cru$t, 2nd ed., oh. xm. and Appendix, oh. xxyi. 
t AnnaU ofBritUh Geology, 1893. 

{Nature, Nov. 31, 1S89, Vol. xli. p. 54. 
Geological MagaMine, Deoade v. vol. i. p. 495, 1904. 
II 0. Hooker. Butimmung der Sehwerkraft auf dem AtlanHeehen Oieati Mnit 
in Rio de Janeiro, Liaabon vnd Madrid. VeiiJflentUohangen dot K. PzenniiolMB 
QeodKtiioben Institates. Neae Folge. No. 11. 
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Bubstitate a different firustrum for a frustrum of the supposed 
shell, such that the normal attraction still remains uniform, it is 
dear that the substituted frustrum must contribute the same 
amount to the whole normal attraction at any given distance (0) 
from it that the firustrum of the original shell did. So if we 
substitute another differently constituted but similarly shaped 
firustrum elsewhere, and the normal attraction continues uniform, 
it must contribute the same amount of attraction at any given 
distance (d) that the frustrum of the original uniform shell did. 

Hence these two frustra, though differing from one another, 
have the same effect on the normal attraction as frustra of the 
supposed uniform shell, and therefore the same as one another. 

Consider a sector of a shell of sectorial angle a whose apex is 
A, and let it subtend at the centre an angle 0. 
Let its thickness be ^ and its density t^, and a 
the radius of the sphere. Let it be assumed, 
as we shall hereafter nrove, that under certain 
conditions the vertical attraction of the sector 
at A can be expanded in a converging series of 
the form 

oar, 1^ /»((?) + g)V.W + &c.}. 

Let this be overlapped by another sector of 
thickness t^ and density r,. Then the vertical 
attraction at A of the composite sector will be 




aa 



((r,|+r.^/.W+(r.g; + r.g)')/.W^*c.). 



and in like manner if there is any number m of overlapping 
sectors, their vertical attraction at A will be expressed by 



aa 



|2«T(l)/,«?) + S«T(iy/.((?) + &c}. 



Now suppose another composite sector with p layers ti\ t^^ &c. 
of densities r/, r^^ &c., and a remaining the same. Then its 
vertical attraction at A will be 



aoL 



\z,r'(^Mff)^l,r' QV.W + &c.|. 



If now we suppose that the vertical attractions at A of these 
two composite sectors are equal we must have 



oa 



i^'" ^' ^^^ + *<^- + 2«T Q V, (0) + &C.| 
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aod therefore, 

+ &c.=0. 
This will be satisfied to the order of approximation of 

independently of the value of 0, if 

It follows that two equal sectors, whose densities and thick- 
nesses satisfy these conditions, will to the degree of approximation 
named produce the same vertical attraction upon particles at their 
apices, mdependently of the value of 0, i.e. mdependently of the 
length of the sector. If a shorter length of them has the same 
property, so will their difference. Hence the remaining frostra 
will have the like property. Now since a and may have anj 
values, neither of them being involved in the above equations, it 
appears that, subject to the above proviso, we may make the pair 
of frustra of any shape we please and of any size, and place them 
at the same distance from A, Consequently two frustra similar 
and equal to one another in form at the surface, the lavers of which 
fulfil tne above conditions, in regard to densities and thicknesses, 
will produce equal vertical attraction the one to the other at any 
point on the surface of the sphere equidistant from each of them, 
and will therefore be suitable to constitute parts of a spherical 
shell whose attraction is uniform over the whole sphere. 

We will now shew that the vertical attraction can be expressed 

in a converging series of the above form, provided that the thick- 


ness t of the shell is less than the chord, 2a sin 3 , of the sector. 

The vertical attraction of the sector at A will be 



Ja-«io Jo (r« - 2ar cos ^ -f a")» 



rt rM^ ( 1— -coe^ )sin^ 
\ a a*J 



r A 

Let - s u, and let cos 0'^a, 

a '^ 

Then dr a adu, and c2/ii » — sin 0d0. 
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The integral now becomes 



Toa 



a 

«= raa I u*du , ^^ 

a 

Toa I u^du (1 — , I . 



a 

Put u = 1 - «. /. du =8 — da?. 
The integral becomes 



r*/i \tj /i cos^-l+a? \ 

io \ Vl-.2cosd + (l-a?)V 



= Toa I (1— aj)^(ic| 1 — 



« — 2 sin" ^ 



/y/4sin*2(l-a?) + ir«y 



But 



a? — 2 sin* ^ 



y 48in«2(l-a:)4-a?» 
a? - 2 sin« | 






2 sin ^ 4 sin^ „ 
And this can be expanded in a series of ascending powers of 

X 
2 81112 

which when taken between the limits will give ascending powers of 

t 

2a sm^ 

6 
and the series will be convergent when t is less than 2a sin ^ . 
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Hence expanding, integrating, and taking the limits, the 
vertical attraction at A can be expressed in a series of the form 



Toa 



%m^)^Qm^^^Y' 



6 
which will be convergent when t is less than 2a8in^, t^ when it 

is less than the chord of the sector. 

The limitation as regards convergency requires that the 
distances from the frustra of the places at which we are com- 
paring the vertical attraction of two similarly-shaped frustra 
should be greater than the thickness of either of them. But since 
the dimensions of continents and oceans are lars^ when compared 
with the depths which we propose to consider, this limitation will 
not be important. 

Carrying the approximation to the (n ~ l)th powers of 

and eliminating a and transposing, we have the n — 1 equations 

2«(tO -2,(Tr) =0. 
tn^irt^) -Ipir't'*) =0, 

• ■ 

If we assume the sum of the densities to be ecjual to some 
unknown number 6, with that addition the equations may be 
written in the general formf 

• • a • 

• • • • 

tA"-» + tA"-» + tA"-» + . . . + tA"-» - 0, X 1. 
•Inlfcet, /,(»)=l+8iii|, 

. ... 1 . ^ 1 . ^ 1 

64iili«j 

Ao. m&o. PhiX. Mag. Apr. 18H P* ^77. 

t See Todhunter's Theory of Kquatiom, Art. 390. 
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Multiply these equations by c»-.|, Cn-i, •••, Ci* 1> where 
^-i> <?»-f> •••» ^» ftre arbitrary constants to be determined by 
the condition that when the equations so multiplied are added 
together as they stand, the n — 1 columns after the first shall 
vanish, but not so the first. 

Then we shall have 



It appears therefore that the substitution of ^, (,, &c., tn f<>r fi 
causes 

to vanish. Hence this latter expression is by the theory of 
equations equal to the product 

T,(e,-<,)(e,-<,)...(e,-Q; 

whilst it is also equal to Ca-i&. Also 

c^, = (-l)*-»«A...t^. 
Hence 

TAa-<^(«i- «.) ... («!- ««)=(- iy^%u ... tnb. 

Similarly, by assuming another seiies of arbitrary factors 
di, d^,,,,d^i, such that the sum of every column except that 
containing ^ vauishes, we can prove that 

TA(«»-0(«.-«.)...(<»-<n)«(-l)**-^«i«»...U, 
and 80 on. 

Consequently we have the n — 1 equations, 

TA(«i-«»)(ei-^)...(«i-«n) 

-TA(t,- «,)(«,-«,). ..(t,-Q 

be. &C. 

each of these products being equal to (—!)*-%<, ... tnh. 
Consider the equal products 

TAa-«»)(«i-<,)(f,-0...&c (1), 

-tA(«»-«i)«»-«,)(<,-0...&c (2), 

-tA(<,-0(«.-<.)(^-^4)...&c (3), 

^rMt,-tO(U^UHt4-U) ..• &c (4). 
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These being equal, if one of them vanishes, they must all 
vanish. Hence if ^ = <>, they must all vanish, because (1) does aa 
Now ti^tt causes (2) to vanish as well as (1), but none of the rest. 
Hence ^ » fa must necessitate some further relation among the fs 
which will cause the remaining products to vanish. 

If ^ » ^ = ti "= ^> &c., 

each product will contain a vanishing &ctor, and they will all 
vanish. Hence if two layers are equal, the conditions of the 
problem will be satisfied by their being all equal, which would in 
effect reduce the shell to a single layer. 

But the conditions might also be satisfied if the t's with odd 
suffixes are equal to those with even. Thus 

ti^t^ causes (1) and (2) to vanish, 

tt^t4 causes (3) and (4) to vanish, 

and so on. 

And if the fa with odd suffixes are in one of the firustra^ and 
those with the even in the other (for making Ts and T4 negative 
will cause no difference in the demonstration), this implies that 
the layers in the two frustra are of equal thickness. Hence if two 
layers ^ and ^ are equal, the conditions will be satisfied if all the 
corresponding layers in the two frustra are of equal thickneas. 
In this case it is clear that the number of layers in the two frustra 
must be the same, and in no other way than these two can the 
conditions be fulfilled, when a layer in one frustrum is equal to 
one in the other. 

Next consider the products (3) and (4), and divide out the 
common factor (^ — ^4). Now make ^ as ^4 and we have the two 
sides of the resulting equation identical except the density fieu^torsw 
These must therefore be equal, or t, = T4. This shows that two 
layers in two frustra being of equal thickness, they must also be 
of equal density. 

Thus we arrive at the remarkable result that if under the 
conditions of the problem the layers in two frustra are equal in 
thickness, each to each, they will also be equal in density; and all 
the other corresponding layers in like manner will be equal each 
to each in thickness and in density. 

Since in the case of the earth, the upper layer in the land 
being of rock, differs in density from the upper layer on the side of 
the ocean, which is water, it follows that all the other layers 
on the side of the land must differ from those on the side of the 
ocean in thickness and density. 

We see then that if at an early stage, of the world's histofy it 
was covered by an ocean of uniform depth, the globe which the 
ocean covered must have consisted of concentric layers each of 
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uniform thickness and density. This would lead us to think 
that the stable condition must at some time have been forcibly 
disturbed, as it would have been according to my hypothesis that 
the oceanic areas were produced by the disruption of a portion of 
the earth's crust, which flew off to make the moon*. But this is 
a digression. 

Let us now suppose that the crust of the earth on the land 
side consists of two layers of thicknesses Ci and c^, and densities 
^ and ^, and that oeneath them there is a substratum of 
unknown depth and of density a. 

On the side of the oceau let B be the depth of the water at any 
place, fA its density, and suppose the solid crust at that place to 
coDsist of two layers of thicRnesses k^ and A^, and densities pi^ud 
Pt, and suppose the density of the substratum there to be a, and 
let us take into consideration the state of affairs down to a depth d 
measured from the surfetce. 

k p "^ — — i-l • ' 

kiPl L ^i^i 



p r 

X 



This is a generalization ; for when considered throughout its 
whole thickness at any place, the crust must be either of uniform 
mean density, or else it must be on the average more dense in 
the upper than in the lower portion, or vice versd, and the upper 
or lower portion may be the thicker or thinner of the two. It 
will appear that our formulae enable us to discover what the 
relations as to density and thickness are. 

Then if Xmirt) refers to the ocean side, and So(tY) to the land 
side, and if this arrangement of thicknesses and densities approxi- 
mately represents the case of nature, they must satisfy the equations 
on p. 110, viz. 

• 2«(t«)»2,(t'0, 

Taking aooount of the overlapping of the t% it will be seen 
that on the side of the ocean 

AJso t^^d, <j| = S4-*i + A„ «, = S + Aa, «4 = S. 

Hence t^ = /* - /Ji, T,«pj - p„ t, = p, - a, t, = <r', 
•ad similarly on the side of the land. 

* Nature, Vol. zxt. p. 243. 1S82. 
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Aooordingly the equation 

2«(t<)-2,(t'0 
becomes 

(M-^)S + 0>i-pi)(S + *i)+(p.-cr')(« + ifc| + ii) + ir^d 

And transpoeing, 
(M"Pi)S + 0>i-f»«)(« + *i) + 0>«-cr')(S + A, + ii) 

The equations being now carried to the fifth power of i, temiB 
of the order of {tjaY are retained, which will give a close approxi- 
mation. 

Comparing the above equation with -the general formulae 

&C., &c., 

the equations 

by substituting the proper values for the ^s and r\ give the five 
equations 

0*-^)«(-ifci)(-*i-ik)(S-d)(8-c»)(8-Cx-c) (1) 

«0>i-/>.)(8 + ifci)ifci(-ifeO(S + *i-rf) 

(8 + ifci-Ci)(S + ifci-C|-pO-(2) 
-(p.-<r')(8 + *i + *k)(ifci + *k)*k(S + ifci + *b-cO 

(8 + *i + *,-C|)(S + ifci + ii-.0i-Ci)...(8) 

-(cr'-cr)(i((i-8)((i-8-ib|)((i-«-ifc|-itO 

«(cr-^)(Ci + c,)(C| + c-«)(C| + c«-«-*i) 

(Ci + Ci-«-ti-*t)(Ci + c,-c0c,...(6)L 

Of the thicknesses here involved, d exceeds all the others on 
either side. Of the rest it is easy to see which &ctors are positive 
and which negative when the thicknesses are on the same side; 
but when they are on different sides, as for instance t and Ci, the 
signs of the factors are not self-evident. The density fiM^tor (a*— fh) 
is negative, because the density of water is less than that of any 
kind of rock; and we may safely assume that the density of the 
upper layer of the land consistmg chiefly of sedimentary rocks. 
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18 less than that of the lower, consisting of plutonic rocks. Hence 
(^~- ^) ^1 he positive. So also the density of the substratum 
being greater than that of the crust, (cr - ^) will be positive. 

Hence, changing the signs of all factors which are evidently 
negative into positive, and in (5) changing provisionally (ci — S) 
into (S — Ci)y to make it agree with (1), we shall have changed the 
signs of an odd number of factors in each except in (4), viz. in 
(1) five, in (2) three, in (3) three, in (6) five, in (6) one. All 
the &ctors in (4) are obviously positive except the density fiu^tor 
(ff'-^a). We are therefore obliged to change it provisionally into 
(a — <r'). Then since the several products, being equal, had the 
same sign originally, they will all have the same sign now as one 
another ; and what that sisn will be will depend upon the sign of 
(5 — Ci) which we must seek to discover. 

Our five equations will now be 

0h-At)Si,(A. + A;i)(d-8)(S-C)(c + c,-S) (1) 

= 0>i-p«)(8 + *i)*i*.(d-S-*i)(8 + *i-Ox)(C| + c,-8-*,)...(2) 

-(<^'-p.)(8 + iki + Ak)(ifei+Ai)A.(rf-S-i|-A;i) 

(S + A^ + ifc,-Ci)(Ci + C|-^S-Ai-A:j)...(8) 

(d-Ci)(d-Ci-C|)...(4) 
-(**-*i)Ci(8-Cx)(8-Cx + *i)(8-Cx + *, + A|)(d-c)c ...(5) 
-(^-♦■)(oi+cO(Ci+Ci-S)(c, + c,-S-A,) 

(ci + c,- 8 - Ai - AiXci- Ci - Ci) o»...(6). 

In order to determine the sign of (S — Ci), that is whether the 
depth of the ocean or the thickness of the upper layer of the 
continental crust is the greater, consider the products (1) and (5), 
and we have the equation 

and each side of this equation must have the same sigpi. It is 
obvious that the factor (8 — Ci) will not affect the question. We 
therefore divide it out, and it remains to find the relative magni- 
tude of 8 and d, such that 

0>|-At)8(rf-8)(c + c-8)*,(*, + ifci) 

may have the same sign as 

(^-^)Ci(d-Ci)(c + c,-c)(Ax + 8-c)(*i + A;i + 8-c). 

Write a and fi for the factors which do not involve ki and k^, 
tt4 we have 

ati(*i + *b)-/8(ife, + 8-c)(A. + Ai + 8-Oi) (AX 
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where a»(pi — /A)S(rf — S)(ci + c, — 8) 

= (f>i - M)f(S) suppose, 
and /8 = (<^ - <h)ci(d - Ci)(Ci + c, - O 

= (*. - ^)/(0i). 
Equation (A) gives a quadratic in (S - Ci) with the result 

It is evident that a is positive unless B is greater than Ci + Cb» 
that is than the whole thickness of the continental crust, which is 
out of the question, and is clearly positive. Hence if we adopt 
the negative sign of the root we have 

Ci = 8 + A, + | + >y/|AH(A, + ifck) + ^*. 

/. Ci>S + ifc| + ti, 

which would make the upper layer of the continental crust greater 
than the depth of the ocean and the whole thickness of the sub- 
oceanic crust taken together. If there are to be two layers on the 
side of the land, the upper layer cannot be so thick as this. Hence 
we need not regard the negative sign of the root, and then h — Ci 
is positive or negative as 

2*1 + k^y 



a f /I I X *a* f2ki'^kt\ 



kJ 



or as -5 >< 1 ; that is, as 



f^/(S)></(c). 

Now B being the depth of the ocean varies firom place to place, 
but it is capable of measurement; while Ci, the thickness of the 
upper layer of the continental crust, may be considered constant, 
but cannot be measured. It must therefore be estimated with 
reference to some assumed value of & If then we can show that 
S - Ci is positive, i,e. that Ci < S, for some given value of S, it will 
be less Uian B for all larger values of 8, provided thev do not 
nearly approach O1+C9, which we have assumed with evident good 
reason to oe greater than S. 
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We have proved that S — Ci is positive, if 

g£^/(«) >A<h). 

To discover under what conditions this is the case, we must 
assume some probable values as a working hypothesis, pi beiug 
the density of some kind of rock, and fi the density of water, we 
may put pi -^/t = 1'6. If then we assume <t = 3, for the density of 
the substratum uuder the land, and 0*2 as the difference between 
the densities of the two layers of the continental crust, we have 

Let us also assume the entire thickness, Ci + Cj, of the conti- 
neDtal crust to be 25 miles, and let us consider the state of affairs 
to the depth of 100 miles, so that d==^lOO. 

Then tracing the curve 

/(a:) =a:(25 - x) (100 - x), 

we observe that it cuts the axis of x at the origin, and at a; » 25, 
aDdd;=100, 

f(x) is a maximum when a? =» 11*62, 

and the value of the function then becomes 13741. If we now 
seek the value of x which makes Sf{x) to have the same value as 
the maximum value oi f{x), %,e. to solve the equation 

8/(a?)s= 13741, 

or a* - 12^0? + 2500a? - 1717 = 0, 

we find that 0*5 substituted for x gives a negative result, while 1 
gives a positive, which shows that a root lies between 0*6 and 1. 

Hence 8/(S) is greater than the greatest value of /(Oi) 
when S has a value somewhere between a half and one mile. 
Therefore i is certainly greater than Ci if fi » 1 mile, which is 
very much less than the mean depth of the ocean. We may there- 
fore safely assume S — Oi as positive for all values of £ with which 
we are concerned, and for which the conditions of the problem 
are fulfilled. 

We sav advisedly "for which the conditions of the problem are 
fblfilled," because our demonstration assumes that the continental 
and oceanic areas are abruptly separated, whereas in nature they 
merge into one another, because there is an area of deposition 
fringing the coasts which is neither oceanic nor continental ; over 
these areas our formulae will not apply, and indeed there is reason 
to think that there the assumption of the equality of gravity is not 
warranted, because in crossing the Atlantic Hecker observed that 
gravity was slightly in excess as the land was approached; and the 
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deflection of the plumb-line seawards in geodetic surveys points to 
the same conclusion. 

Havine decided that (5 — Ci) must be positive, all the five 
equal products must be positive. 

Hence, by examining these successively, we see that 

from (1), pi>/i and S>c„ 

from (2), Pi>Pm and C] + C9 > S + A^i, 

from (8), a > p, and Ci + c«>S-f*i + ii, 

fit)m (4), <y><y\ 

from (5), ^>^and S + A:i>Ci, 

from (6), <T > ^,. 

The original assumptions were, that the density of the ocean 
is less than that of rock, that the density of the upper layer of 
the continental crust is less than that of the lower layer, and that 
the density of the substratum of the continental crust is greater 
than that of the lower layer. The results we have obtained are» 
(1) that the thickness of the upper layer of the continental crust 
is less than the depth of the ocean at any place where gravity has 
its average value. From (2) that the clensity of the upper layer 
of the suboceanic crust is greater than that of the lower layer, sod 
since from (5) we see that k^ is less than (S — Oi) we gather that 
this dense upper layer must be very thin. From (3) we learn that 
the total thickness (Oi -f c,) of the continental crust is greater than 
the depth of the ocean and the thickness of the suboceanic crust 
together, viz. than (£ + X?i + A;i). From (4) we learn that a is 
greater than <r\ije, that the density of the substratum beneath the 
continent is cfreater than that beneath the ocean. 

The beanng of these results upon questions of geology appean 
to be, that, assuming a liquid substratum beneath the crust of 
the earth, the solid crust is thinner beneath the oceans thui 
beneath the land, but is at the same time more dense. The 
substratum being thus less dense beneath the suboceanic crast 
will be affected by upward convection currents, which must neces- 
sarily flow horizontally towards the continents, and descend there. 
The continental crust dips more deeply into the substratum, and 
consequently these horizontal currents, im pining on it, will tend 
to compress it, and cause corrugations in it. The upper layer of 
the suboceanic crust, being very thin and very dense, probably 
consists of basic lava flows from suboceanic volcanoes, which by 
oxidation would produce the red clav covering the abysmal areaa 
The upper layer of the continental crust is thinner than the 
depth of the true ocean, and of small density, which would agree 
with its sedimentary origin. 
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The Chlorination of Methyl derivatives of Pyridine. Part I : 
i-Mefhyl Pyridine, By W. J. Sell, M.A., RRS., Christ's College. 

[Bead 14 November 1904.] 

Fteliminary experiments having shown that 2.meth7l pyridine 
blackens when chlorine is passed into it and that a similar result 
attends all attempts at chlorination by means of phosphorus penta- 
chloride, recourse was had to the method found successful in the 
case of pyridine, viz. the direct chlorination of the 2-methyl 
pyridine hydrochloride saturated with hydrochloric acid. This 

Eroduct remains liquid at the ordinary temperature of the 
iboratory. The work of Ramsay (Phil. Mag. [5] 2, 1876, ii) led 
him to the conclusion that picoline hydrochloride was not acted 
upon by chlorine even when neated with it. The author's results 
confirm this at the ordinary temperature, but show that at about 
100 — 105^ C. rapid replacement of hydrogen takes place and a 
number of chlorinated products are produced. After complete 
chlorination the still liquid products were cooled by ice and a 
current of air passed through for some hours when a large 
crystalline precipitate was produced. This precipitate was drained 
off from the liquid products and recrystallised from spirit. The 
crystals are prismatic, freely soluble in alcohol and most organic 
solvents, but insoluble in water. They constitute rather over 
52 per cent, of the 2-methyl pyridine taken, and so far are the 
only solid product of the cnange. Analysis shows that the 
formula CgHCUN should be assigned to this body. The sub- 
stance melts at 102 — 103^ C. and is isomeric with a compound 
tp. 60 obtained by Ost (/. Pr. Ghem. [2] 27, 257) by the inter- 
action of phosphorus pentachloride on comenamic acid. In ad- 
dition to the compound mentioned above there is a liauid product 
consisting of compounds less highly chlorinated, tne work on 
which although advanced is still incomplete. 

It is worthy of remark that there is a total absence of the 
dipyridyl derivative which constituted such a large proportion of 
the products in the chlorination of pyridine hydrochloride (Trans. 
Chem. Sac. 1899, 75, 979 ; 1901, 79, 899). The solid compound 
mentioned above, m.p. 102 — 103"", heated with eighty per cent. 
Bubhuric acid, gives a nearly quantitative yield of trichlorpicolinic 
add CgHClfNuOOH, showmg that three of the six atoms of 
chlorine in the original compound belong to the side-chain. This 

VOL. XIII, ?T. II. 9 
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trichlorpioolinic add when distilled with gl;^cerol breaks down, 
producing carbon dioxide and a trichlorpyncune, melting at 7S 
— 73^, produced not only by the direct chlorination of pyridine, 
but also by the action of phosphorus pentachloride on that sub- 
stance (Trans. Chem. Soc. 1898, 73, 442). 

From the highly basic and other properties of this trichlor- 
pyridine it was suspected that the chlorine atoms in the molecule 
occupied the positions 3, 4, 5, and the experimental verification of 
this surmise was carried out as follows : 

We may take for comparison the substance 2-amino 8, 4^ 5 
trichlorpyridine whose formula maybe thus depicted (Trcuu, Gftsm. 
Soc. 1899, 75, 980; 1900, 77, 771): 
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Tliis compound should also be obtainable from the trichlor^ 
pioolinic acid mentioned above by first converting it into its amide, 
and then by the " Hofmann reaction " into amino-trichlorpyridine. 
These reactions were carefully carried out and resulted in a 
substance identical with the compound whose graphic formula 
is above depicted. We may, therefore, formulate the three 
substances wnich are the subject of this paper as follows: 
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Do the y rays carry a charge of negative electricity? By 
J. J. Thomson, M.A., F.R.S., Cavendish Professor of Experimental 
Phydca 

[Read 30 January 1905.] 

As the result of a series of interesting experiments Paschen 
(Phystkalische Zeitschrift, v. p. 563) came to the conclusion that 
the 7 rajTs emitted by radium are, like the fi rays, charged with 
n^^ative electricity. Paschen's experiments are of two types ; in 
the first type the radium is placed mside an insulated box made of 
thick lead, the lead being thick enough to absorb all the fi rays, 
but not so thick as to stop more than a fraction of the 7 rays. 
Under these circumstances the insulated box gets charged up with 
positive electricity; this Paschen regards as proving that the 7 rays 
which have passed through the lead have carried with them 
charges of negative electricity, leaving an excess of positive behind. 
The positive charge on the box may, however, be explained in 
another way ; we know that when 7 rays enter or leave a piece of 
metal secondary rays are produced which like the fi rays cany 
with them a charge of negative electricity, thus the negative 
electricity which escapes from the box may be carried by the 
secondary and not by the 7 rays. The experiment in this form is 
inconclusive : to make it conclusive it would be necessary to place 
the lead box in a magnetic field strong enough to prevent the 
negatively electrified particles from leaving the box ; if the 7 rays 
carry the charge the magnetic field would not diminish the 
, positive charge on the box, as they are not affected by magnetic 
force ; if the secondary rays carry the charge the magnetic field 
would stop the charging up of the box. 

In the second tvpe of Paschen's experiments an insulated piece 
of metal was bombarded by 7 rays, and the metal was found to 
acquire a charge of negative electricity. Here again the result 
seems inconclusive, for to prevent the charge leaking^ from a 
charged body exposed to radium the body must oe placed in a good 
vacuum : thus the metal in Paschen's experiments had to be placed 
in a vessel from which the air could be exhai^sted ; now the walls 
of the vessel are struck by the 7 rays and emit secondary radiation 
which carries a charge of negative electricity, thus the negative 
electrification may again be due to secondaj^ radiation and not 
directly to the 7 rays. 
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To test whether the secondary rays are or are not the source 
of the electrification observed in Paschen's experiments I tried the 
experiment represented in the figure. 



^M 




A and B are two cylinders equal in all dimensions, made of 
thin brass, but while A is hollow, B is filled with lead. These 
cylinders, which are in electrical connection, are supported on an 
insulating rod of fused quartz and placed in a symmetrical position 
inside a large glass bulb coated with tin-foil. A gold-leaf electro- 
scope was attached to the middle of the cylinder A, The radium 
(30 mg. of radium bromide) was outside the glass vessel, it was 
placed far back in a cylindrical cavity drilled in a lead cylinder, 
the opening of the cavity was closed by a plate of lead 2 mm. thick 
to absorb the /9 rays. This arrangement gave a pencil of 7 rajs 
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ptnllel to the axis of the lead cylinder, this cylinder was placed on 
a levelling table and adjusted so that by altering the level of the 
table the pencil of 7 rays could be directed along the axis of either 
A or B. The vessel containing the cylinders was exhausted to 
a very h^h vacuum by Dewar's method of absorption by carbon 
cooled with liquid air. 

The cylinders were charged (1) positively, (2) negatively, and 

the rates of leak observed in these cases when the 7 rays passed (a) 

through the hollow cylinder,(/9) through the cylinder filled with lead. 

The leak was small, so that it was necessary to take observations 

over a considerable time ; from 6 to 30 hours was the time taken in 

the actual experiments. In this experiment there are two sources 

of leak, (1) the leak along the quartz support, (2) the leak du^ 

to the charges carried by the 7 and secondary ray& If Z^ is the 

lesk when uxe cylinders are charged positively, ^ that when they 

are charged negatively, then the leak along the support is 1 (Zi + 2,) 

and that due to the rays i(Zi — Z,). Now let us consider how 

the leak should differ aocoiding as the 7 rays pass through the 

hollow cylinder or the one filled with lead. If the charges are 

carried by the 7 rays, then since these are absorbed by tne lead 

cylinder and not by the hollow one, the leak due to the rays 

iCi — Z|) should be numerically greater when the rays pass through 

the lead cylinder than through the hollow one ; while if the leak 

is due to secondary radiation, the leak due to the rays ought to be 

greater when the rays passed through the hollow cylinder than 

through the lead one, for the rays give rise to secondary radiation 

when they come out of the hollow cylinder as well as when they 

go in, while since the rays are absorbed by the lead there is no 

secondary radiation at emergence from the solid cylinder. Now 

it was found in every case that the leak due to the rays was 

greater when the rays passed through the hollow than when they 

paased through the soud cylinder, and also that the sign of the 

leak corresponded to the escape of negative electricity ftx>m the 

cylinder : each of the conclusions is consistent with the view that 

the effects are due to secondary radiation, and inconsistent with the 

view that the 7 rays carry a cnaige of negative electricity. 
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On the abeence of excited radio-acHvity dtte to temporarv 
easpasure to y rays. By J. J. Thomson, mA., F.RS., Cavendish 
Professor of Experimental Physics. 

[Bead 30 January 1905.] 

Experiments were made to see if the radiation given out by 
metals could be temporarily increased by exposure to the radiar 
tion from radium. The method used was to measure the saturatioD 
current inside a closed metallic vessel, then to place a.sealed glass 
tube containing 30 mg. of radium bromide inside the vessel and 
leave it there for times varying from one hour to ten days; the 
radium was then removed and as soon as possible afterwards the 
saturation leak again measured ; experiments were made with 
vessels made of lead, brass, tin, but no increase in the saturation 
current attributable to exposure to the radium was ever detected. 
The measurement of the saturation current took at least five 
minutes after the removal of the radium, so that a very short-lived 
increase might escape detection by this method. This point is 
dealt with in the following paper by Professor Bumstead. 
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On the absence of excited radio-activity due to temporary 
expoeure to y rays. By Professor H. A. Bumstead. (Communi- 
cated by Professor J. J. Thomson.) 

[Bead 30 January 1905.] 

The following experiments form a continuation of the investi* 
gation described in the preceding paper by Professor J. J. Thomson, 
and were undertaken at his suggestion. Their object was to 
ascertain whether certain metals, sitter removal from exposure to 
the fi and 7 rays of radium, continue to give out secondary rays 
for a very short time — a time too short for the effect to be detected 
in Professor Thomson's experiments. For this purpose a hori- 
zontal copper disc 18 cm. in diameter was mounted so that it 
could be rotated about a vertical axis at various speeds bv a small 
motor. Above the disc, at one side, was a cylindrical tin vessel, 
6*5 cm. in diameter and 12'o cm. high, provided with a central 
rod, insulated by sulphur and protected by an earthed guard tube 
in the usual manner. The vessel could be charged to various 
potentials by means of a battery of small storage cells, and the 
central rod was connected to one of C. T. R. Wilson's tilted elec- 
troscopes which served to measure the ionization current in the 
cyUnder. In the bottom of the cylinder was a hole, 5*5 cm. in 
diameter, which was covered with aluminium leaf 000005 cm. 
thick ; this window was 0*7 cm. above the rotating disc. Above a 
point on the disc whose angular distance from the centre of the 
testing vessel was about 120'' was supported a sealed tube of thin 
glass containing 30 milligrams of pure radium bromide; the 
radium was 10*5 cm. above the disc, and was surrounded by a 
hollow lead cylinder whose walls were 5*5 cm. thick. The bottom 
of this lead cylinder was 25 cm. above the rotating disc ; its 
internal diameter was 5 cm., so that the part of the disc exposed 
to the radium rays had a greater area than the aluminium window 
in the testing vessel. The total height of the lead cylinder was 
19 cm. 

Notwithstanding the 5*5 cm. of lead between the radium and 
the testing vessel the 7 rays which got through the lead and the 
secondary rays due to them were sufficiently intense to make the 
current in the testing vessel (with the disc at rest) about 60 times 
that due to the "spontaneous" ionization of the air. In order 
therefore to make the test one of any delicacy it became necessary 
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to oompensate for this large leak. To accomplish this, a eeocmd 
testing cylinder of the same dimensions as the first, but without 
the window in the bottom, was mounted on a moveable arm in 
such a way that it was (like the first) exposed to the rays which 
came through the lead cylinder, but was screened firom the disc 
Its central rod was connected to the central rod of the first testang 
cylinder (and thus to the gold leaf) by means of a wire dipping 
into a very small cup of mercury; this cup was immediately 
beneath the pivot about which the moveable arm supporting the 
second testing cylinder rotated, and thus the second cylinder 
could be moved closer to or further from the lead screen surround- 
ing the radium. When the two cylinders were changed to equal 
and opposite potentials (usually 40 volts), one could balance the 
leak in one by the opposite leak in the other, the ionization in the 
second cylinder being adjustable by moving it toward or away 
from the radium. It took a great deal of time to get exact com- 
pensation on account of the very slow motion of the gold leaf 
when near to a balance ; but it was easy to make the resultant 
leak less than 1 per cent, of the uncompensated leak. The 
connections between the central rods of the testing cylinders and 
the electroscope were surrounded by metallic screens joined to 
earth ; and the rotating disc and motor were upon a separate 
table, so that the apparatus was not disturbed by the rotation of 
the disc. 

The ordinary course of the observations was to get an approxi- 
mate balance with disc at rest, allowing the cylinder which was 
exposed to the disc to preponderate slightly. The potential 
acquired by the central rods and gold leaf in 10 minutes was 
measured by observing the deflection of the gold leaf with a 
micrometer microscope, and immediately thereafter producing the 
same deflection by means of a potentiometer. In tnis way varia- 
tions in the sensitiveness and zero point of the electroscope were 
eliminated. A series of such observations was taken with the diac 
alternately at rest and in motion, and the results compared. 

A considerable number of measurements were taken in this 
way, with the copper disc bare, and also when it was covered with 
tin-foil, lead-foil, and with blotting-paper which had been soaked 
in a solution of uranium nitrate and (fried. The disc was rotated 
at two different speeds; with the slower speed, the disc made 
approximately 150 revolutions per minute^ so that the interval 
between the exposure to the rays and the passage under the testing 
<nrlinder was aoout ^ of a second. It was difficult to determine 
the higher speed, since the application of the counter appreciably 
diminished the velocity of rotation. It was however greater thsoi 
2200 revolutions per minute, so that the time interval in this ease 
was less than 0*009 seconds. With none of the materials tried^ 
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and at neither speed, was there any certain indication that the 
ionization in the first cylinder was greater when the disc was in 
motion than when it was at rest. A false positive result was 
sometimes obtained owine to the aluminium leaf becoming slightly 
torn near the edge of the window, and allowing ionized air to 
enter from outside, a greater quantity when the air was in motion 
than when it was at rest, xhis difficulty, however, was easily 
overcome by care in makine the window. A second difficulty was 
that the rotation of the disc, notwithstanding its independent 
sapport, had a tendency to disturb the balance slightly, probably 
by causing a slight motion of the compensating cylinder. This 
effect however usually persisted when the next observation was 
taken with the disc at rest, as will be seen from some readings 
which are given below as examples. The results quoted are a 
fiiir sample of the measurements which were taken under fi&vour- 
able conditions ; there were many others which were vitiated by 
disturbing causes of one sort or another. The numbers give the 
potential in volts acquired by the gold leaf in 10 minutes. 





OOPPBB. 


Slow speed 


• 




DiM ftt rest 




Diflo 


in motion 


(1) 


0095 






— 


(2) 


— 






0-08 


(«) 


0-067 






— 
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Slow 


speed. 






Dim ftt Mt 




DiM 


in motion 


(1) 


0*22 






— 


(2) 


— 






0-28 


(3) 


0-26 






— 


(*) 


— 






0-32 


(5) 


0*28 






— 
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Slow 


speed. 






DiM ftt rest 




DiM 


in motion 


(1) 


008 






— 


(2) 


— 






0-21 


(3) 


0*23 








(*) 


— 






0-33 


(6) 


0-40 






— 



Blottimo-papkb soaked in Ubanium NiTBATE. Slow speed. 

DiM ftt rest DiM in motion 

(1) 0-03 — 

(2) — 007 

(3) 0-09 — 
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Lbad. High speed. 
Diao ftt net Diie in motioii 

(1) Balance — 

(2) — 0-20 

(3) 0-22 — 

(4) — 0-36 
(6) 0-35 — 

TiK. High speed. 
Diao ftt rest Diao In motion 

(1) 016 — 

(2) — 0.11 

(3) 0-10 — 

Some comparisons will serve to cfive an idea of the delicacjr of 
the test represented by these numbers. When the radium waa 
absent and both vessels charged alike, the leak due to "apcm- 
taneous" ionization was 0*87 volts in 10 minutes. With the 
radium in place and the compensating cylinder disconnected, the 
leak in the other cylinder due to the rays which had penetrated 
5'5 cm. of lead was at the rate of 42* volts in 10 minutes. With 
the radium in place and the two cylinders balanced, 0*250 grams 
of potassium uranium sulphate were spread as uniformly as possible 
over a circle of the same diameter as the aluminium window and 
placed on the disc immediately below the window. This gave a 
leak of 1*82 volts in 10 minutes. Thus a distribution of uranium 
salt, over the disc, whose surface-density was 1 milligram per 
SQuare centimetre would give a leak under the experimental con- 
ditions of 0*17 volts in 10 minutes; and the results quoted above 
show clearly that the difference between the effects with the disc 
at rest and in motion is much less than this. 

With the four substances tested therefore the result is negBr 
tive. If they retain the power of giving out any rays capable of 
penetrating 0*7 cm. of air and 00006 cm. of aluminium, for OHOd 
seconds after exposure to the fi and y rays firom 30 milligrams of 
radium, these ravs must be considerably less intense than those 
due to a layer of uranium salt whose surface-density is 1 milli- 
gram per square centimetre. 

In conclusion, I wish to thank Professor Thomson for the 
privilege of working in the Cavendish Laboratory, and for many 
valuiable suggestions during the course of these experiments. 
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Note on some Physical Properties of Sodium Vapour. By 
P. V. Bevan, M,A., Trinity CJollege. 

[Bead 1 May 1905.] 

In the Philosophical Magazine, Vol. ill. 1902, Professor R. W. 
Wood described some exceedingly interesting experiments with 
sodinm vapour in which he was able to observe and measure the 
anomalous dispersion of the vapour of this metal. In his paper 
he describes the formation of a curious cloud of sodium vapour, 
and in a later paper, Phil, Mag. 1904, Vol. viii. p. 296, he states 
"the vapour of sodium appears to possess a cohesion almost as 

Esat as that of a liquid. Even in a vacuum tube it appears to 
ve a free surface." This behaviour of a vapour was so extra- 
ordinary that it seemed worth while to see under what conditions 
this phenomenon took place, and the experiments to be described 
in this note were made with this purpose. 

It is a very simple matter to observe this cloud. All that is 
neoesaary is to heat a piece of metallic sodium in a tube or bulb 
that is partially exhausted, or that contains hydrogen, and observe 
through the tube an ordinary bunsen flame which is coloured 
yellow bv sodium. The sodium vapour given off absorbs the 
sodium light and the cloud is easily visible. 

The cloud possesses in general a very sharply defined boundary 
across which diffusion of sodium vapour does not appear to take 
place. The first point investigated was to decide whether this 
cloud had its definite boundary in vacuo. It was found that a 
coDsiderable pressure of gas was necessary for the cloud to possess 
definite boundary. If the sodium be heated in a high 
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130 Mr Sevan, Note on some Physical 

vacuum it distiln practically instantaneously like any other vapour. 
The method adopted was to attach a bulb of hardest Jena glass to 
a mercury pump, having first placed some metallic sodium in the 
stem of the bulb ; and then after exhaustion to melt the sodium 
and shake a small globule into the bulb. After this introduction 
of sodium into the bulb it was necessary to again exhaust with 
the pump, as a good deal of hydrogen was given off from the 
sodium and also from the action of sodium on sodium hydroxide 
which is always present with the original sodium. If a good 
vacuum was produced and then the sodium in the bulb heated no 
definite cloud could be observed, but the sodium distilled at once 
and settled on the cooler parts of the bulb. The distillation is in 
fact so easy that the sodium can in a few minutes be distilled 
from the stem into the bulb almost completely. It thus appears 
that in vacuo the sodium vapour behaves as regards distillation 
like any other vapour. 

It was found also that in an atmosphere of hydrogen the 
definite cloud could not be observed if the hydrogen were per- 
fectly dry and no sodium hydroxide were present. The absence 
of oxygen thus seems to destroy this cloud-forming property. 
At present I have not determined whether pure arv oxy^n 
facilitates the formation of the cloud, but this is a point which 
I hope to decide later. If however into the bulb which has 
been dried thoroughly and exhausted, sodium be distilled, and 
then hydrogen dned with phosphorus pentoxide be admitted, 
no definite surface to the sodium vapour can be observed on 
heating. Near the heated sodium there can be seen with sodium 
light a cloud of the vapour, but this cloud gradually decreases 
in density and fades into the region of no absorption without 
any definite boundary. In fact the sodium vapour behaves in 
this case just as iodine vapour does when a small piece of iodine is 
heated gently. 

It seems that when an ordinary piece of sodium is heated in 
vacuo a lar^e quantity of hydrogen is given off, some of it oc- 
cluded originally in the sodium and some of it formed by the 
action of sodium on sodium hydroxide, and this gives rise to 
an atmosphere sufficiently dense to enable the sodium vapour 
cloud to form. 

These experiments are very easily performed in a Jena bulb, 
and such bulbs can be used for a considerable time if they are 
well heated before the introduction of the sodium. Without this 
preliminary heating the sodium acts on the surface of the bulb, 
owing apparently to a film of moisture on the surface, and causes 
the glass to be coated with a white non-transparent film. At 
a high temperature the glass appears to dissolve the sodium, 
forming a brown transparent glass. 
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Another experiment was made showing that sodium vaporiises 
in obeenrable quantities when just above its melting-point In 
the Berichte der DeuUchm OhemiBchen OeaMiehaA ^o. 1, 1905, 
Kraft and Bergfeld showed that sodium distilled at 140'' C. 
Apparently these observers did not obtain distillation of sodium 
va^four at a lower temperature. It seemed worth while to try 
whether at the temperature of boiling water it would be possible 
to notioe any distillation. A bulb was taken with a little sodium 
deposited on its upper part, the lower part being quite clear. 
The lower part was placed in cold water and a jet of steam was 
played on the upper part. After some hours a veiy distinct 
mm of sodium was observed on the lower part of the bulb, 
showing that, at a temperature 2"* above the melting-point of 
sodium, vapour was formed in observable quantities. No dis- 
tillation oould be observed from sodium at the ordinary air 
temperature when a clear part of the bulb was placed :n liquid 
air. Sodium apparently therefore does not sublime at ordinary 
temperatures. 
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A NvU Method of Meamring Small lonimUions. By Norman 

R. Campbell, b.A., Trinity College. 

[Bead 1 May 1905.] 

For the meaBorement of spontaneooft ioniaatioiui a method 
has been tried and found sacoeesfiil, which consiBts in balancing 
the current through the ionised gas against that through a con- 
stant volume of air, of which the pressure can be variedi ionised 
by a constant amount of uranium. 

The vessel (A'S in which the unknown ioniiation is to be 
measured is proviaed with an electrode surrounded by a raaid 
ring of the usual type, and connected to a Wilson gold-leaf 
electroscope. To the same electroscope is connected the dectrode 
of the ''compensator" (B)r This is an air-^tight cylinder of brass 
with a central wire electrode insulated firom its guard ring by 
amber ; in the cylinder is placed a packet containmg a suitabw 
amount of uranium nitrate wrapped in thin aluminium fixiL 
A side tube leads to a three-way tap, the other branches of which 
lead to a water-pump and inlet tube for regulating the pressure. 

The quantity of uranium is first adjusted so that when the 
exterior of the pot is raised to a potential equal and opposite to 
that of the walls of the vessel (A) and great enough to send 
a saturation current through the air, the current is slightly 
greater than the lai^est current which has to be measured 
through the vessel (A). 

A is then disconnected from the electroscope and the compen- 
sator standardised by observing the rate of rise of potential of the 
electrode for different pressures in the vessel The capacity of 
B is measured by repeating one of the same observations with 
a condenser of known capacity connected in parallel with the 
electrode. Thus the relation between the pressure in the vessel 
and the current flowing through it is obtained. 

The unknown ionisation is then measured by observing the 

Sressure in the compensator when the sum of the currents 
owing through A and B is aero as indicated by the absence 
of movement in the leaf of the electroscope. 

The arrangement has the following advantages over the 
ordinary methods : — 

1. After standardisation little care is needed that the insula- 
tion is good, for the potential of the electrodes never rises appre- 
ciably aoove zero. 

2. Only one capacity, that of the compensator, need be 
measured in order that all the currents may be expressed in 
absolute units. 

8. Advantage is taken of the great sensitiveness of the 
Wilson electroscope near its zero. Experience shows that obser- 
vations may be made more rapidly, as well as more accurately, 
than by the usual method. 

4. All the benefits of null methods in detecting small changes 
are obtained. 
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On the Reflection of Sownd at a Paraboloid. Part II. By 
The Rev. H. J. Sharps, late Fellow of St John's College, 
Cambridge. 

[Received April 1905.] 

3& The present Paper is a continuation of one with the 
same title that appeared in 1899 in Vol. x. Part ill. of the Pro- 
oeedinge of the Society. In it the Articles, Figures, and Equations 
will be numbered on continuously from tne 1st Paper. But 
before {[oing any further perhaps it will be well to correct some 
Errata in the previous Paper. In Art 3, No. 19 should be 
No. 119. In Art 11 after " u » " add '' t; being finite." In Art. 
12 for the sentence "Also for a given reflector, be'* read "Also for 
a given reflector, and a given distance from 0, high sounds are 
more magnified than low onea" In Art. 13 for A^^B^^it^ read 
A^'^B^^ir^. In Art 17, after the words "will be proportional 
to," instead of what follows, read 

2* 2».4" 

The sentence after this can be readily corrected. 

In Art 19 after (40) in the next line dele "or negative." In 
the next line after the words "large values of A are" insert 
" positive and." Towards the end of Art. after the words " when 
u = 0" insert "and t; is finite." In the last two lines of Art 24 
some correction is required. In Art. 21, Elquations (47) to (48) 
require correction. In Art. 20 in 3rd line for " large value " read 
"large values." Art. 30 requires some correction. In Art 36 
and so in the results (92) and (93) I am doubtful about the results 
obtained, but I hope to exhibit a better way of evaluating the 
definite integrals involved. In Art. 37 a correction must be made, 
for which my thanks are due to Prof. Larmor. 

Drie the sentence beginning ^ Here if v is increased, &c." The 
true explanation is that as the progressive wave gets further and 
further along the axis, its velocity which was at first rather > a 
gradually slows down till it ultimately « a. 

39. I propose in this Paper to consider more fully the case of 
A»0, but before doing so 1 should like to consider one or two 
simple problems, which are analogous to the whole Problem before 
us, whatever be the value of A, and which, it seems to me, throw 
some light upon it Suppose (Fig. 8) odo/ an infinite cylindrical 
tube fiUed with air, stopped at and open towards a and w. 
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Suppose a source of sound at 8 spread equally over the section 
Sa of the tube. Let 08^01 ^c and let OP^x^ where P may 
be on the right or left of 8$, 

To find the motion. 



O 

I 



*' 



Fio. 8. 



I^t ^,, ^, ^, ^4 be velocity-potentials, and let 

^ = cos m{a;t — X'{-c\ 
^ = cos m (at +a: -- c), 

^ = cos m (at — « - c), 
^4 = cos m (at + d; + c). 

In the part 08 ^ and ^ exist and the vibration is stationary. 
In the part 8a 4^ and ^ exist and the vibration is progressiva 
The velocity vanishes at and is discontinuous at 8. 

Next suppose (Fig. 9) 80x a conical tube with vertex at and 




Fio. 9. 



open at x. Suppose a source of sound at 8 spread equally over 
the spherical section 8$ of the tube. Let 08 » c. 
Let ^, ^1 ^ be velocity-potentials, and let 

^1= - cos m(r — at- c), 

^= -cosm(r + at — c), 
r 

^ = — co6«n(r — at + cX 

Then in 08$ ^ and ^ exist and the vibration is stationary; 
in 89X ^ and ^ exist and the vibration is progressiva 
The velocity vanishes at and is discontinuous at ;Sf. 

From lioth cases we see that» whether the source be near 
or far off, there will always be near a region of statioaaiy 
vibration. 
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Now studying equations (46), (50) and (51), we see from (51) 
that there are two solutions of (50), which are approximately 

The latter corresponds to what Stokes calls (in his Paper on the 
Discontinuity of Arbitrary Constants, &c.) " the inferior function." 
The result is, that, whether there be a source in OL or not (see 
Fig. 2), as long as v< A, in the region so defined, the vibration 
will be nearly stationary. This is, I think, what we would 
expect, and we may compare this with the simple cases above 
considered. 

Again in Fig. 9 suppose there is no source at S. We can have 
for possible velocity-potentials, 

Fi = (sin mr sin mat)/r, F^ = (cos mr cos mat)lr. 

Either represents stationary vibration, and F^-^Fi gives a pro- 
gressive wave from source at 0. 

^1, Ft here correspond exactly to F^, F„ the two solutions of 

and a linear combination of these two gives the outwards going 
wave for large values of v. 

40. We proceed now to consider in more detail the case of 
A = 0, which was considered in Arts. 10 — 13 of my former Paper. 
I was not aware when I wrote that Paper of all the details that 
are known with regard to the zeros and turning points of the two 
functions Jq (a?) and Ji (a?). We proceed to supply the deficiency. 
It may be observed that (though perhaps finite and large values of 
A give us the most interesting cases) the case of ^ = has this 
advantage, that it can be completely worked out to any required 
degree of accuracy. 

41. In what follows, and till further notice, we shall use 
u and V in the sense of the first part of Art. 6, that is (Fig. 2) 

u^20U, v^iOV. 

And first we will suppose the paraboloid u » 2 a sound-sending 
reflector, LO (Fig. 2) a line of sources, giving rise to a progressive 
wave. By Art. 17 corrected as above Art. 38, or by Art. 34 the 
law of the strength of source at any point U in LO (Fig. 2) is Ui 
where 
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It is interesting to know what value of pu gives the numeri- 
cally greatest value of Jo (pu). This is at once got from Table L 
in Gray and Mathews' Treatise on Besed'e FimctUms, It will be 
observed that for brevity I have put down only two places of 
decimals. The turning points of J^ {pu) are given by 



and then J^ {pu) « 1 



3^83 


7^02 


10-17 


1332 


-•40 


+ •80 


-•24 


+ •21 



&C., 



We see at once fix>m this that u^O gives the point of niimericfJly 
greatest strength, which is the geometrical focus of the reflector. 

We will next suppose u^ I to he a BOund-receiving reflector, 
and 80 the vibration to be stationary. We will endeavour to find 
the " focus of reflection" (Art. 12) in the axis LOw (Fig. 2). 

By Art. 11 the velocity at a point U in LO (Fig. 2) is (putting 
t; = and omitting the time-factor) 



^-dH: "=2l>-d(^--2j>/,(pu). 
Now the turning points of Ji (pu) are given by 



jpu= 1-84 
and then «/] (pu) — '58 



6-33 
-•34 



8-54 
•27 



11-71 
-•23 



&C. 



} 



(96). 



80 that pu = 1*84 gives the point in LO (Fig. 2) of numerically 
greatest velocity. But since for all points in LO we must have 
pu < pi, we must also have 

1-84 <pf, 

if there is to be a " focus of reflection " in LO. But p is given by 
the condition (22), 



dU, 

d(pu) 



s = <7i (pu), when u = Z. 



■im 



But the zeros of the function Ji (pi) are given by 

pl = 0, 3-83, 7 01, 1017, 13-32, &c. ... 

Passing over 0, the deepest sound is given by pi » 3*83, so 
that even if the sound be asi low as to be given by pi ~ 3*83 there 
will be a focus of reflection in LO. 

Again by Art. 11 the velocity at a point V in Ox (Fig. 2) is 
(putting u a= and omitting the time-factor) 

so that pv s 1-84 gives another ** focus of reflection " in Ox, 
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The two foci of leflection Fi and F^ are indicated in Fig. 10, 

1'84 
where OFi - OF^ and 01\ = and velocity at F^^ipx 58 - 

velocity at jP,, but in an opposite direction. 

We see therefore, that (for a given reflector) as p increases 
(that is for higher and higher notes) the two foci J^i and F^ draw 
nearer together and the vdocUy cU each one increases. 




I 



Fio. 10. 

It is readily seen from equation (15), putting il = 0, that the 
velocity at vanishes. Thus when p becomes large, the velocity 
in the neighbourhood of tends to become discontinuous, but as 
has finite limits (Art. 5) actual discontinuity cannot be set up. 
f we make OL' — OL and draw the parabola L''L\ we can show 
from the formula given for the velocities in Art. 21 that the motion 
in the space L"LL' is symmetrical with re^rd to the lines L*0 
and LL'. (Of course only half the figure is drawn.) 

42. To complete the case of J. = we have now to evaluate 
the definite integrals in (33). This was done very imperfectly in 
Art 15. The following seems a better way. It is true that the 
evaluation can be performed in a shorter way, but it will be found 
convenient for future investigations, first to suppose A finite, and 
then as a particular case to put it — 0. Let /i, /, be the two 
definite integral solutions of the equation 

d?X dX . , AK XT /V 

fl;-i~r + ^- + (a? + il)-3r = 



ds^ dfc 



.(98X 



and let /> = I cos ( d; cos d + il log cot ^ j . log ^xv^OdO, 

and let ^i, X^ be the solutions in series^ the latter involving logx. 
Then by (18) 

Z,= 1(€W +€"*'^)/i and Z, = -(€W + €-*'-*)(/ilogiF + /,) 

W IT 

(99). 
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We will now suppose x large and A/x h small fraction. In Ij 

X ^t 
put cos das , and we get 

Applying to this a method suggested by Art. 405 of Todhunter s 
Laplace's Functions, we have 

^ ^^ 2^t = ^ log ^ - ^ log 2« - ^ 'og ( 1 - 2^ j . 

Here for A log f 1 — — j we may put zero, when t is not laige, and 

when t is large, the corresponding elements of the integral are of 
no account, because then t^Ms small. 

For the same kind of reason, in the multiplier, for {2x - 1)^ we 
may put {2x'^. 

Then, when x and A have the kind of values supposed, 

/..J^ cos|x+ 2 logar-t-i.ilog«|. ^2fe^. 
In a similar way we get 

/, = I cos ^X — t--— lOgrt If • log li • .«^ Sa» 

and when x is large and A/x smalK this becomes 
A = j^ cos la? + 2" log 2a? - 1 - ^ log t\ . (log 2* - log x) . ^^^ 

.-. /.-J^ cos{.;+^log2a?-e-^log^|.loga.^-^. 

Put ^ « 2^ and we get 

/i« / co8|«?-h ^logA;-2'^-illog'^l . —^.aod 

/.«/*cos|«+^loga:-2^~41og^|.(log4 + 2tegt).?^, 

/ r*cos 

Now put y = I . (2^ -h il log*^) . d'^t and we get 
X f Jo ^^^ 

«*/,- 2co8 ^«?-h ^logarV /,-h 2sin ^a? -h ^ log a?) . /« ...(100), 

«*/, ■■ 2 log 4 . cos (« + g- log «J . /s + Bin r» + ■=■ log «) • A 
+ 4 cos r« + 2" log a?j . Tj - 4 sin fa? + — log a?J . ^ ...(101) 
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We have now to evaluate /» and J«. We shall show that they 
can be expreased as Qamma functions of a oomplez, but before 
doing this we will first establish a relation between them. It is 
to show from (98) that 



(^•S-^-S)-^ W' 



where C is some quantity independent of x. We can determine 
its value fit>m (16) and (16) by putting w, Xi, X, for u, Ui, U^, 
then putting for dX^jdx and dAijdx their values, and making x 
vanish. We then get C-bI. Of course (102) may be regarded 
as a First Integral of (98). If a? is large and Ajx small, we can 
show (Art 23) that the leading terms in X^ and X, have the 
following forms 



a^Xi ■■ Ci cos (^ + o" log x\ + C/t sin f a? + ^ log a\ 
a^Xt = C, cos f » -h ^ log x) + (74 sin («? -H 9- log x) 



...(108). 



where C7i, C^, C^, C4 are certain fimctions of A, From these last 
equations finding the values of dX^jdx and dX^/dx {retaining 
only the largest temu) and putting them in (102), it will be found 
that we shidl get 

CxC^ - CiC, = 1 (104). 

Comparing together the equations (99), (100), (101), and (103) 
we shall get 



Cj = -(6*-^ + €-W)x/. and a,«-(€*'^ + €-*'^)x/e 

W TT 

(7, - ^ (e*-^ f e-»-^) (2/, log 4 + 4 ^'J 
and O4 - ^ (€»-^ + «-*'^) (2/, log 4 - 4 ^'^ 



L..(105). 



-e'^ 



Pat these values of C„ C^, C„ Ci in (103) and we shall get 
we get 



:) 



dl.j. dU 



IT 



(/,)•+(/.)«- ^X 



^wA 



-hi 



.(106). 



It can readily be shown that no constant need be added. 

It is important to notice that in equations (100), (101), (104), 
(106) A mag have any value. For the formula (106) I am indebted 
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to the late Sir G. G. Stokes. It will preseDily be obtained in 
another manner. It will be noticed that (106) ia here obtained 
without the uee of complex auantitiea 

From (103) and (104) it foUows that when w is lai^ and A/m 
small, 



C4X1 — c^x^ = r 



(107). 



sin ( « + «■ log « ) 

CiXf — c^Xi « r 

r 

If smaller terms are required than those given in (108) they may 
be got thu& In (98) futa^Xs W. Then 

If in this we put 

^Z= Tr= (il. + j-* -1-^' + &c.)cos (a:+ ^ log*) 

+ (B.+ ^'+^' + &c)sin(*+^loga:) ...(108X 

we shall find that A^A^, &c., BiB^, &c., can all be obtained in 
terms of A^ and B^ by the folipwing equations : 

|n(n-l)-^-+i}iln_.-^2nJBn-^(2n-l)B^, = 0, 

|n(n-l)-^VUA_, + 2n4n + ^(2ti-l)4^, = 0. 

If in the above we put A^, B^ = Ci, 0, respectively we fl;et Xx 
and if we put A^, B^ ~ C,, O4 we get IT,. The above senes are 
semiconvergent if rr is large and Ajx small. 

43. We will now show that I^ and /« depend upon 

'•(^¥)- 

The following is, if I remember rightly, practically Stokes's in- 



vestigation. 



Put 7=1 e*^*^-^^'^*' X rfa:. 





In it put « « y*. Then 

I^^j^e xdy. 
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Puty-t^ Then 






2 

Now we know that if k and n are real 



r 00 _ r 

Bat in this formala n may be imaginaiy. 

Comparing the last two eqaationa we will suppose k<»i and 
««(l+^t)/2 and putting 

r(j + Y)s2p + 2ig (109). 

and putting c for ooe ( ^ log 2 j and $ for ain [^ log 2 j we shall get 
after some reduction 

I »\€^ ^ {-5C+jw+lH? + g« + t(gc-^+;jc+5»)} ...(110), 
from which (putting JB = il log 2* — ^) ^^ S^^ 



/,= ( cos (2ai' -h il log /v) (£r a 2-* € ^ (gsinB + pcosJB) 

J 

/,= / 8in(2d^ + illogd;)cb«2~*e''^ (gcosB-psin JB) 
The above is Stokes's result. From them we get 

(J.y + (/.y-ie"^(|^ + 3-). 
fiat it is known that if m be real and < 1, 



(111). 



r(m)r(l-m)— r-= — . 

But here m may be a mixed imaginary, so put ^ "" o + -9- , and 
we get 

€« -he » 

M> we anriye again at the formula (106X It is interesting to 
Aotioe the two entirely different ways by which (106) is es- 

teUisbed. We proceed to find the value of I" ( 3 + 'S' ) when 

4<1. 
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It 18 proved in Art. 264 of Todhimter's Integral Caleulue thai 
if n be real and r an integer, 

r(n)-limit of ^f^ + iyX'+%_iy ^f^- 
when r is infinite. It can be shown that this formala is tme 

1 * A 

even when n is complex. First then put ^ "■ « + -5- > next put 

1 * A 

n M X — -^ and divide the 1st result by the 2nd result We thus 
get 



-{W4)/'Ci-T) 



" 7rT3wJ7;3wr;T3T--7irT-TTT ** *^' 

l2+yJU"^TJU+TJ-l-2-+TJ 

when r is infinite. For shortness put %A s #. Then 

'•(^¥)/'-S-¥) 

-„^.o,"-"f-y;-^)-('-^L...(u,x 

<'+')(' +l)('+s)"(» +5^1) 

when r is infinite. 

Now, to make these infinite products oonverffent^ use the 
device of Weierstrass given in Art 287 of Hobeon's iV^^oiioiiMtrjr. 
Noting that 

u + ^^ ^-5 .^-s»+»-»**^ (114) 

give to n the successive values 1, 8, 6, ftc., (2r — 1) and multiply 
the numerator and denominator of (118) by 



e-0*i+J+-+sb)=e-^ 



suppose. 



Further put ^ + ^ + ^ + ---"*" (2r-iy ^ *^** 
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thus get 

= p — p — p xr»X€-*^ ...(llo). 

Next in (114) giving to n the successive vahies 

-1, -3, -5, &c., -(2r-l) 
and multiplying the numerator and denorainator of (115) by 

¥Fe gjet 

„/l , »il\ »•«•«* ^ 

— Ti TT = "H^s — i* — ? ^ ^ ^ * ' ('•=«)• 



Or 



1 til 

-«(T»^+Tr,f*cto«) .^^, 






From (109) the above 

_ p-hig _ (p-hig)* 

Therefore extracting the square root we get 

So that if we put 

-4n-y r,-hy-&c. to GO-|illogr = £ ...(116), 
we get 



P-H*? 



± (cos J? - 1 sin E), 



If il » it is known that g s and that p^-^, ^ that in 

the above equations the upper sign is to be taken, and we get 
p^{j^-\-^fco%E and g-~(p* + 9*)*siniP. 
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Patting theae values in (111) we get 

/, = / ooe(2«!» + -<llog«)<i«- 2-»e * (|>» + g»)»co8(^+B) 
/,s I 8in(2«* + ii iog«)ir=-2-»e"'* (p» + 5«)»8in(JSr+-B) 

(im 

By means of (112) we thus get a 3rd corrobciration of Stokes's 
formula (106). It will be observed that the formulae (117) for 
/s and /« are of value only when A does not exceed 1, for if il be 
> 1 we see from (116) that the series for E is divergent. 

We will next examine what results we get when in the above 
investigations — ^ is put for A, for the Physical Problem 
requires both of these cases to be considered. Suppose /«. /• 
then become If and I^ respectively. It will be found that instead 
of (111) we shall get 

/,= I cos(2a!*-4 log«)cir = 2-*€* (-^sin JBi+pcosA). 

^00 wA 

/, = I sin (2a5* - il log a?) cit « 2~* e ♦ (- ^r cos JBi — p sin ^), 
Jo 



where 





IT 



Bi = -.iilog2*-^ 



and p and q have the same values as before. 
Instead of (117) we shall get 

/,= f*co8(2flj«-illogfl:)(ir«-2-»6^(p« + 9«)*8in(JSr-hJB) 
io 





• 00 ^A 



/,sf Bin(2««-illog«)<i»- ir* e* {f + ff iiO»{E -^ B) 

(118). 

where B, E and (^-^f"^ are known from (110), (116), and (112). 
It can be eaoly shown that the limit of {r^ — } log r) when r 
is 00 is ^7+ log«2 (7 being Euler's constant and » *5772, &aX so 
that instead of (116) we may put 

JPsil(i7+log2)-yr. + yn-yr, + &c (119)l 

It must be remembered in using the formulae (117) and (118) 
that in them A 1^1. 

44. We are now in a position to complete the case of il « 0. 
We see from (103) and (105) that in order to find what Z, and X, 
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become in this case, we have to find the values of J|, /« and 
dl^/dA, dIJdA when A = 0, To do thii^ it is best perhaps to 
expand the right-hand sides of (117) in poi|ers of ii for a term or 
two, to differentiate with regard to A, and then put A^O. We 
shall get /, « /« s <fr»/4, 

(7.-C,-«-* and Cl-2,i-*(-|-ilog2-J). 

These values of C^, C^, &c. satisfy condition (104). Suppose 
now the reflector to be a 8ound-«07u2tn^ one and OL (Fig. 2) to 
be a line of sources, and that we wish to find the whole strength 
of the source. It is shown in Art. 34 (only now N.B. using u and 
V for the original pu and pv, see Art 6), that the strength 
belonging to a length idu/p at point U (Fig. 2) is the limit when 

v»0 of X vdF/dv where F is the velocity-potential We 

will suppose (see Art. 5) that 

F^[{E^ri-E^r;)coa2pat-\-{E,r^-E^r;)8in2pat]x Uu 

where Fi, F, are got from (15) and (16), Art. 7, by putting v for u 
and changing the sign of A, and E^, £^,, &c. are got from Gy, C^, &c. 
in (106) bv changing the sign of A there and also in I^ and /g, 
from which suppositions it follows that 



£,«+^,«-~(e'-' + l) 

IT 

and also that, when v is large and Ajv small, 

(«-^log«) 



(120), 



COS 



E,V,^E,V^ 



.(121). 



sin ( » - Q- log A 
E,V,^E,V, = ^—^ '- 

From the above it follows that the strength of source belong- 
ing to the length idujp of OZ is » the limit, when v ~ 0, of 

??^i^ X V [{E,V^ - E;7;) cos 2|Ki« + (i?iF/ - E^V^) sin ipa£\ 



?^!^^^ [- ^. COB 2iKit + i?i sin 2pae]. 
P 
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Therefore the greatest value of the strength at U (Fig. 2) 

therefore the whole strength in the line-source LO (Fig. 2) is 

= ?!i:!(€'^ + l)*f''cr,(itt (122). 

where U^ is given by (16) in Art. 7. Now suppose ilsaO, then 

by (15) Ui becomes Jo{u) and we will further suppose pt to be so 

large that we can practically put oo in the upper limit of the 

Integral. (For the possible range of values of p see Art 5.) (If, 

rpi 
for a smaller value o( pi, a more exact value of f Jo(tf)cIu is 

Jo 
required, it can be got by integrating the semi-convergent series 

that, for large values of w, represents Jo(ti).) Then, since by 

Art. 450 of Todhunter's Laplace's Functions it is known that 

I Jo (u) du^l we have the whole strength of source in LO 
Jo 

= 2M/p nearly (123), 

and by (40 a) of Art. 19 and by Art. 5, at a point V on the axis 
distant v/2p from the geometrical focus of the reflector (Fig. 2) 
(that distance beiug supposed great) the velocity in the axis of 
the reflector = 2pdFjdv (u, v being here used N.B. for the original 
pu, pv, Art. 6). But by (121), putting il » 0, at a distant point V 
we have 

„ cos (t; - 2pat) 

^ vi • 

so that the velocity at Fs= — 2p — ^ — . ^^ nearly, v being 



large. But here it must be remembered that v_ia used for 
px20V, We will, in Fig. 2, for cleam< ~ 

the maximum velocity at V now becomes 

(2i>M)» (124). 

From (123) and (124) we see that the ratio of the maximum 
velocity at V to the whole strength of the source in LO (which 
we might consider a fair measure of the sound magnification in 
the case of a &ound-sending reflector) 

We see from this that if we suppose F to be a fixed point 
(and therefore «« constant) and if we make experiments with 
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different large values of p, then the magnification of sound 
produced by the reflector varies as p^y so that if we suppose the 
strength of source constant, the modification would vary a^ p^. 
Perhaps, remembering the linearity of the fundamental equation 
of sound, we may put the last statement better thus. We have 
proved that if we have in LO a source of sound whose total strength 

2^ir^ 
= G X (where (7 is a constant), 

/^ 
it will produce, at a distant point V, a velocity whose maximum 
value 



= ax 



©'• 



But here we may put C^ fip where fi is an arbitrary constant, 
so that a source in LO, whose strength s/i x 2^7r^, will produce 
at F a velocity 

-'•^(?)' •••■ ■a^'^ 

This justifies the above statement about magnification. But 
perhaps a still better measure of the sound magnification may be 
arrived at by finding the ratio between the actual maximum 
velocity given by (124) and what the maximum velocity at V 
would be, if the reflector and source in LO were annihilated, and 
there were at a single free source whose strength is (123). We 
shall find this ratio 

"4(27r)** 

We might adopt the coefficient of v^ here as a fair measure of 
the magnification. Whichever measure we adopt, we see that the 
hiffher the pitch of the note (or tone) experimented on the greater 
w3l be the magnification. 
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The Abortive Development of the Pollen in certain 8weei- 
Peas (LathyruB odoratus). By it. P. Qrbgort, M.A., St John's 
College. 

[Read 14 May 1905.] 

Among the plants produced from the self-fertilization of a 
certain race-hybrid of Lathyrue odoraJtue Mr Bateson obtained, 
durine 1908, a certain number of individuaLs whose anthers were 
contabescent*. 

In the plants with coloured flowers the sterility was, with a 
very few exceptions, correlated with a somatic character, the sterile 
plants possessing a green leaf axil, while the fertile plants, with 
the rare exceptions noticed, had red axil& 

The same phenomenon was repeated in 1904, with eTeiy 
indication that the sterility occurs in a definite proportion of the 

Slants, both in those with coloured and in those with white 
owers. That is to say, the sterility is a character which under- 
goes sefiregation in accordance with Mendelian {)rinciplest. 

Mr Bateson kindly allowed me to take material from his plants 
for the purpose of making an examination into the cytological 
phenomena which accompany the sterility of the male organs. 
The fixing fluids used were (1) a mixture of glacial acetic add, 
1 part ; absolute alcohol, 2 parts ; and (2) a 1 7o solution of 
chromic acid in water. It was found that anthers preserved b 
the early morning yielded a rather larger proportion of favourable 
preparations than did those taken later in the day. 

From an examination of fresh material by various methods 
it became clear that the abnormal forms taken by the oells 
of the sterile plants were somewhat variable. In most cases 
the anthers contained a semi-fluid mass, in which a few cells 
of irregular outline could sometimes be distinguished; otheis 
contained a few pollen grains, which however appeared to be bad. 
This observation was confirmed by the detailed study, which 
revealed a considerable range of divergence between the behavioor 
of the nuclei of the pollen-mother-celb, not only of different plants 
but sometimes of different anthers of the same plant. The 
appearance presented by the pollen-mother-oells of any one localos 
is generaliy the same, except for slight differences correspondiDg 
with the slightly more or less advanced stages of development 
reached by some of the cells. But it seems probable that the 
degree of abnormality exhibited by pollen-mother-oells produced 
in different loculi of one anther is not necessarily the same. 

* BatMon, Saonden, and Pimnett, Boy. 8oe. Evol. Com,, Rep. n. p. 91. 
t Ihid. pp. 91, 99. 
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Fertile Plants. 

Before the phenomena observed in the spermatogenesis of the 
sterile plants are described, an account will be given of the process 
normal in fertile plants. The material used for this purpose was 
taken from pure bred plants of the race known as ''Emily Hender- 
son " — one of the parent races of the sterile plants*. 

In these plants the active division of the archesporial cells, to 
which the pollen-mother-cells owe their origin, is succeeded by 
a period of rest and growth. Towards the end of this period, 
at the time when the nuclear reticulum is about to become 
transformed into the coiled spireme, the threads connecting the 
nucleolus with the peripheral reticulum become very promment, 
taking the stain more aeeply than those which form the network 
(Fig. 1). In the nucleolus there appear small vacuoles, which 
increase in size while the reticulum shows an increasing affinity 
for the chromatin stain. In correspondence with its increased 
vacnolation, the nucleolus, which hitherto has been very deeplv 
coloured, takes the stain to a degree which decreases with each 
successive stage. The numerous threads by which it was con- 
nected with the reticulum disappear, apparently being broken off. 
In some of the later stages the nucleolus was found to oe connected 
to the reticulum by only one rather prominent thread. This 
single connexion is, I believe, finally broken off; at any rate 
no connexion is made visible by the stains which have been 
nsedf. The nucleolus is now a spherical body, which consists 
of a very faintly stainable shell enclosing a lar^e vacuole, which 
may be central or excentric. There can, I think, be no doubt 
that these changes indicate a transference of chromatin (or of 
some substance closely allied to chromatin) from the nucleolus to 
the nuclear thread^. The subsequent fate of the nucleolus is very 
diflBcuIt to observe ; I have been able to find no trace of it at any 
sta^ later than that at which the spindle becomes conspicuous. 
In the sterile plants the nucleolus often fragments, and, shortly 
after the breaking down of the nuclear wall, I have seen in a few 
cases two or three small spherical bodies lying in the extra-nuclear 
protoplasm. Both in colour§ and texture tnese bodies resemble 
exactly that portion of the nucleolus which remains in the clear 
area occupied by the nuclear thread (see Fig. 12). This fact would 
appear to suggest that the remains of the nucleolus may finally be 
absorbed by the protoplasm of the cell. 

* Le, p. 91. 

t Iron-almn baematoxylon, and Flemming*s triple stain. 

t See Wager, Annah of Botany, 1904, Vol. IS, p. 39. 

I TheM preparations were stained with iron-alam haematozjlon. 
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While these changes have been taking place in the nudeolns 
the reticuhim has given rise to a closely coiled spireme thread, 
which, at first evenly distributed throughout the nuclear space, 
subsequently contracts towards one side of the nucleus, under- 
going a longitudinal fission throughout its entire lenfi^h. At this 
stage the nucleolus is often seen to be saucer-shaped, the convex 
side being applied to the nuclear wall in the region toward 
which the contraction of the thread takes place (Fig. 2)*. The 
polarity of any nucleus has no apparent relation with that of its 
neighbours. 

The contraction of the spireme, with its consequent formatioD 
of a series of loops, is followed by the segmentation of the thread 
into chromosomes. The whole process of the formation of the 
chromosomes is essentially identical with that described by Farmer 
and Mooref. In certain Ferns, in which a similar process was 
found to obtain, the large number of small chromosomes made it 
difficult definitely to ascertain that each individual loop stood in 
a definite relation to one chromosome |; in the Sweet-Peas the 
positions assumed by the chromosomes at their first separation 
must lead to the conviction that, not only does each loop give rise 
to a chromosome, but that the apex of the loop is the actual point 
at which, in metaphase, the limbs of the chromosome are destined 
to separate from one another (Figs. 5 and 6). 

The chromosomes shorten up very much prior to metaphase, 
and each appears as two short thick rods lying parallel with one 
another. No instances of ring-shaped chromosomes have been 
observed. 

The form of the chromosomes at metaphase renders their 
structure difficult to observe, but it may be referred to the typical 

A-shaped figure obscured by the shortness and thickness of the 

arms of the V (Fig. 20). In anaphase, a section transverse to the 
spindle shows the chromosomes arranged in a ring. They are 
V-shaped, but very thick at the apex of the V, which is turned 
toward the centre of the spindle (Fi^. 21). 

The second (homotype) mitosis is of the usual type, and need 
not be described in detail. 

The reconstitution of the daughter nuclei from the chromo- 
somes can be followed with great clearness in the young pollen 
graina 

Wager has described the fusion of the chromosomes first of all 
into a number of small nucleolar masses, connected together by a 

* Cf. Zimmermann, Morph, u, Phytiol det Pfl, Zellkeme$t Jena, OnstaT Fiiohff. 
1896, p. 69. 

t Ray. Soe, Proe., 1908, Vol. 72, p. 104, and Q.J, M.S., 1904, Vol. 48, p. 489. 
t AvnaU qf Botany, 1904, Vol 18, p. 447. 
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deeply stained network, and then a further fusion into the large 
nucleoli found in the mature cells*. This description is not 
entirely applicable to the process which I have observed in the 
reduced nuclei of the pollen grains. The nuclei certainly pass 
through a staffe in which there is a single continuous thread 
(Fig. 23), which is directly formed by the fusion of the chromo- 
somes end to end Almost immediately after this stage is reached 
the coils of the thread are seen to be connected with one another 
by fine branches. From this stage the reticulate condition is 
attained 

Attempts made to trace the origin of the nucleolus met with 
no more success than those made to trace its ultimate fate in 
mitoeis. One or two nuclei are first observed as small, spherical, 
&intly-8taining bodies lying in close proximity to the chromatin 
thread with which they are connected by a fine thread or threads. 
The single large nucleolus of the later stages is formed by the 
fusion of the smaller ones which, in the intermediate stages, are 
seen closely applied to one another. The nucleolus is connected 
with the nuclear reticulum, to which the chromatin thread has now 
given rise, in the early stages sometimes by only one connecting 
thread (Fig. 24), but later by more. 

These observations appear to me to indicate that in the 
process of reconstitution of the daughter nuclei exactly the same 
changes occur as in the prophases of division, but in the reverse 
order; and, fui*ther, that the nucleolus receives and stores the 
bulk of the chromatin during the resting periods which intervene 
between successive mitoses f. 

Sterile Plants. 

The somatic mitoses of these plants (including those which 
take place during the development of the archesponum) are auite 
normal, and differ in no way from those of the fertile individuals 
f the pure race. The rapid growth of the archesporium is, 
however, followed by an abnormally long period during which no 
divisions of the pollen-mother-cells take place. This is to be seen, 
not only from the large number of preparations which are obtained 
in this condition, but also from tne large growth of the anther 
itself which takes place. Since there is no corresponding increase 
in the sporogenous cells, the pollen-mother-cells are found lying 
quite loosely, and in the later stages almost scattered, in a large 
<Avity. A deceptive appearance is thus produced which is sug- 
gestive of the formation of a smaller number of pollen-mother-cells 
than is usual, but is in reality due to the £Etct that a fertile anther 

* AnnaU of Botany, 1904, Vol. IS, p. 47. 
t Cf. Wager, l.e. 
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of the same size would contain pollen-mother-cells of a much later 
stage, or even young pollen grams. 

The various forms which the irregularities take differ from one 
another only in degree, so that although the plants fall roughly 
into two groups — those in which chromosomes are formed and 
those in which complete abortion takes place at an earlier stage — 
intermediate conditions are frequently found. 

In the types more nearly approaching the normal form, the 
nucleus of the pollen-mother-cell passes mto the spireme stage, 
the thread undergoes a longitudinal fission, and by its contraction 
towards one side of the nucleus a series of irregular loops is foimed 
(Figs. 2, 5—8). 

The formation of the chromosomes through the segmentation 
of the looped spireme takes place in the normal wa^. Fig. 7 
illustrates a cell in which only very slight irregularity is present ; 
the chromosomes, however, possess a very much more ragged 
outline than do those of normal pollen-mother-cells. It is perhaps 
worth mentioning that in the cells of the loculus adjoining that in 
which this cell occurred, the abnormality was much more pro- 
nounced and the formation of chromosomes completely £Euled (c£ 
p. 153). It will be seen that the chromosomes in this early stage 
give the impression of being of different lengths; later they 
become much shortened, and in metaphase no distinct differences 
in size can be recognized (Figs. 19, 20). 

In other cases in which the attempted formation of chromo- 
somes is successful there appears to be a great deficiency of 
chromatin ; the chromosomes of the abnormal pollen-mother-cells. 
staininc; very feebly as compared with those of the surrounding 
(normal) somatic cells (Fig. 6). 

The great irregularity of the spindle of the heterotype division 
is a very marked feature in these plants; and in addition to 
irregulanties in the direction taken by the spindle fibres them- 
selves, the chromosomes are irregularly distributed upon the 
spindle (Figs. 19, 20). No case has been observed of the regular 
arrangement of the chromosomes in an equatorial plate at meta- 
phase, such as obtains in the fertile plants. 

Although many anthers have been examined which, by com- 
parison with the fertile plants, were expected to show mature 
pollen grains (if any were developed), no stages later than that 
just described have as yet been obtained. 

Cases, such as those described above, are comparatively rare. 
They are characterized by the definite formation of chromosomes 
and the development of a spindle, the abnormality being confined 
to the irregularity and asymmetry of these processes. 

Much more commonly the abortion of the poUen-mother-celb 
is complete and only the early stages of prophase are passed 
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through before degeneration sets in. The first signs of irregularity 
appear iu the formation of the spireme thread ; the chromatin is 
distributed unevenly, in such a way that portions of the thread 
are destitute of that substance. The nucleolus generally becomes 
irregularly lobed and is often connected with those portions of 
the spireme which contain chromatin by prominent connecting 
threada 

The longitudinal fission of the spireme is effected, at any rate 
in those parts of the thread in which chromatin is present (Fig. 9). 
The thread now becomes very irregular, both in structure and in 
configuration, and has a tangled appearance (Figs. 10 — 12); any 
indications of looping which may be present show corresponding 
irregularities, while the threads containing the chromatin are 
connected with one another to a greater or less degree by irregular 
threads from which chromatin granules are absent. In some cases 
the thread now undergoes a partial segmentation, indicating the 
attempted formation of chromosomes (Fig. 13). In others the 
chromatin aggregates into irregular masses which are connected 
with one another by faintly stained threads (Figs. 14, 15). It 
should be mentioned that these masses generally number about 
eight, and sometimes give the appearance of bein^ double. The 
process rather recalls that of the shortening and thickening of the 
chromosomes of fertile cells just before metaphase. 

These changes are accompanied by a drawing-out of the whole 
nucleus, sometimes in the direction of more than two poles 
(Fig. 13); at this time the nuclear walls disappear, and in some 
cases the development of a few striae at the poles of the nucleus 
indicates an attempted formation of the spindle (Fig. 13). 

From this condition almost every form transitional to the 
curious state shown in Figs. 16 and 17 may be found. In the 
earlier stages of this form of abnormality, it is quite clear that 
the masses of deeply staining matter, which are, as it were, left 
behind by the drawing-out and constriction of the nucleus, consist 
of a closely tangled thread. 

In the later stages of all forms the anthers contain only a 
matrix in which the cell outlines become less and less distinguish- 
able; embedded in this lie rounded or lobed masses which stain 
deeply, and, by comparison vrith the earlier stages, doubtless 
represent the degenerating nuclei 

The sterility m these plants is confined to the male organs*. 
The structure of all the embryo-sac mother-cells examined has 
been quite regular, the contraction of the spireme and the forma- 
tion of loops resembling exactly that of the fertile plants 
(Fig. 4). 

* See also Batoton, Sannden, and Pnnnett, I.e., p. 91. 
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Such evidence as is obtainable, both from experimental breeding, 
and more particularly from cytological work, points to the reduction 
division as the time at which the segregation of allelomor|^ic 
characters takes place. It is therefore interesting to notice that^ 
in the sterile Sweet-Peas, abnormalities appear during the procesBes 
preparatory to this division, and only then. 

The exact bearing of this observation upon our theories of 
the individuality of chromosomes, and their importance in the 
transmission of segregated characters, is, however, not very 
clear. 

Sterility, in the case with which we are dealing, is a recessive 
character, and is almost always confined to those plants which 
have light-coloured leaf axils — another recessive character. No 
segregation of the characters in question is therefore taking place 
at the formation of the gametes. The irregularities do not there- 
fore correspond with defective segregation. 

Further, it must be noticed that the irregularity affects the 
whole nucleus and is not confined to any particular pair of chromo- 
somes. Although this may simply imply — what recent cytological 
work has led us to expect — that individual chromosomes may 
influence the behaviour of their fellows, it seems more likely that 
sterility of the male organs is the expression of some deeper-lying 
phenomenon affecting the physiology of the whole plant It is 
moreover almost always coupled with another physiological 
character — the absence of colour from the leaf axils even in 
plants with coloured flowers* 

In further support of this view we have the most important 
fact that the nucleus of the embryo-sac mother-cell, which pos- 
sesses a series of chromosomes exactly homologous with those of 
the pollen-mother-cells, shows no abnormality whatever. 

The low staining capacity of many of the abnormal nuclei (see 
p. 152) might indicate a low state of nutrition, although there is 
no obvious difference between the development of the vascular 
strands in the fertile and sterile stamens. Possibly a similar 
deduction may be draMm from the fact that the development of 
spindle fibres in the cytoplasm is feeble or absent. 

If this view be correct, it may be that the sterility of the male 
organs in these Sweet-Peas is not fundamentally different from 
that which has been observed, also in the male organs only, in 
a certain familv of Primula Sinensis, There is some indication 
that the contabescence of the anthers in this latter case is an 
inherited (recessive) character. In these plants the degree of 
contabescence varies with each anther, and a small amount of 
good pollen is produced. 

* See ftlBO Bftteeon, Banndeni, and Ponnett, 2.e., pp. 91, 93, on the eiistenoe of 
two olasMt among the white-flowered plants. 
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It appears that in all these plants, the reduction division 
follows the nonnal course, and young pollen grains are formed. 
In the contabescent anthers growth ceases at this point, the pollen 
grains remain small and enclosed within the walls of the mother- 
cells. 

EXPLANATION OF THE FIGURES 
illastrating GktmetogenesiB in LcUhyrua odorattu. 

The figures were drawn with a camera lucida. A Zeiss 2 mm. 
Apoohromatic Objectiye and Oculars 4, 6, 8, and 18 were used. 

Plate I. 

Fig. 1. Sterile Pea. Pollen-mother-^^U in the resting condition. 
The reticulum is shown, with some threads joining 
the nucleolus. The latter is somewhat vacuolated. 
X 1600. 
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2. The same. A later stage showing the contraction of the 

spireme. There are faint indications of the longi- 
tudinal fission of the thread. The nucleolus has 
taken a "saucer-shaped" form, x 1600. 

3. "Emily Henderson'' (fertile race); showing the looping 

of the thread, which has undergone a complete longi- 
tudinal fission. X 1600. 

4. Sterile Pea. Nucleus of the embryo sac, in a stage 

similar to that shown in Fig. 3. x about 2000. 



Figs. 5-8 and 19-20 illustrate sterile plants in which the ab- 
normality is slight. 

Fig. 5. Sterile Pea. Nucleus of the pollen-mother-cell, showing 
a later stage, in which the loops are contracted. The 
longitudinal fission of thread is shown by the di- 
vergence of the halves in one place. The nucleolus 
has given up most of its stainable matter. x,1600. 

6. Pollen-mother-cell from the same anther as that shown 
in Fig. 5. A rather later stage, in which the seg- 
mentation of the thread into chromosomes has taken 
place. 

7. Sterile Pea. Pollen-mother-cell from another plant in 
which the abnormality was slight. The chromosomes 
appear to be of somewhat different lengths, x 2000. 

8. Two chromosomes from the same, showing the longi- 
tudinal fission of each limb, x about 2400. 
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Figs. 9-17 illustrate the later Btagee of sterile plants in which 
degeneration of the poUen-mother-oells takes plaoe before chromoeomes 
are formed. 

Fio. 9. Sterile Pea. Pollen-mother-cell showing the irregular 
spireme, and its longitadinal fission, x 1600. 

Figs. 10, 11. Sterile Pea. Rather later stage in which the 
spireme is somewhat tangled. The longitadinal 
fission can still be traced. There seems some 
indication of the polarity which is observed in fertile 
cells. X 1600. 

Fio. 12. Sterile Pea. Showing the dose tangling of the spiremei 
The nuclear wall is onlj visible at the ends of the 
poles of the rather elongated nucleus. The chromatin 
thread is surrounded by an area of clear protoplasm. 
The remains of the nucleolus, now staining very 
faintlv, lie in the centre of the nucleus and are sur- 
rounded by a series of threads containing little 
chromatin, but connecting with the tangled portions 
of the chromatin thread, of which they really form a 
part. X 1600. 

„ 13. From the same anther as Fig. 12. The nuclear wall 
has disappeared. Some parts of the thread have 
separated, representing Uie attempt to form chro- 
mosomes. The longitudinal fission is visible in some 
places. Cytoplasm of a definitely fibrous structure 
surrounds the clear area. There is a suggestion of 
multipolarity. x 1600. 

Plate II. 

Fio. 14. Sterile Pea. A later stage showing the aggregation of 
the chromatin into masses. The nuclear wall has 
disappeared. The nucleolus is still visible as a faintly 
staining body, x 1600. 

„ 15. The same in a rather later staga The deeply staining 
bodies are connected with one another by slightly 
stained threads, x 1600. 

Figs. 16, 17. Sterile Pea. The incomplete and abnormal division, 
by constriction of the pollen-mother-cells, which occurs 
in a few cases, x 1600. 

Fio. 18. ** Emily Henderson." Metaphase of the heterotype di- 
vision in the fertile form, x 1600. 

Fios. 19, 20. Sterile Pea. Spindles of irregular form such as occur 
in those sterile plants which show least divergence 
from the normal type, x 1600. 
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Fio. 21. " Emily Henderson." Late anaphase of the heterotype 
division, showing the V-shaped chromosomes ap- 
proaching the poles of the spindle, x ahont 2000. 

„ 22. The same in polar view. 

„ 23. '^Eiaily Henderson." Toung nuclei of the pollen grains, 
^ showing the formation of a continuous thread through 
the fusion of the chromosomes. Nucleoli are present. 
X 1600. 

„ 24. " Emily Henderson." Toung pollen grain, showing the 
nuclear reticulum and a single nucleolus which is con- 
nected with the network at one point only, x 1600. 
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The seed-bearing habit in the Lyginodendreas. By E. A. 
N EWELL Arber, M. A., Trinity College, University Demonstratcv 
in Palaeobotany. 

[Received 15 May 1905.] 

AmoDg fossil plant remains, specimens showing two orgaii% 
still in continuity with one anotner, are as a rule very rare. 
Thus in the case of Lyginodendron, one of the most fern-like of 
all the Upper PalsBozoic plants, while the seed, Lagenostoma^, and 
other organs are now known in great detail, there has been no 
evidence, so far, as to the manner in which the seeds were borne. 
A new species Lagenoetoma Sinclairi Eidston M.S. has, however, 
been recently discovered, which throws light on this problem. 
I am indebted to my friend Mr Kidston for permission to describe 
this new and interesting seed. 

The morphology of Lagenoetoma Sinclairi f agrees very closely 
with that of L. Zomaai, which has been shown by Prot Oliver 
and Dr Scott| to belong to Lyginodendron, As m the case of 
L, Lomaxi, these seeds are enclosed in protective organs which 
have been termed 'cupules'; the 'cupule' of the new species 
differing only in details from that of the seed previously described. 
The special interest of the new specimens lies in the fact that, 
in many instances, the seeds, enclosed in their cupules, are still 
attached to the axes on which they were borne in the living state. 
These axes are highly compound structures, the seeds apparently 
terminating the finer branches. The type of branching is ex- 
tremely irregular, and no pinnules of the ordinary foliar type are 
borne on the seed-bearing axes. The highly compound nature 
of these axes, the irregularitv of the brancning, and the bet that 
the seeds terminate both the shorter and longer axes, indicate 
that the morphology of the branched system is that of a compound 
frond with reduced lamina. This conclusion is confirmed by the 
close agreement between this seed and La,aenoetoma Lomaxi, the 
latter being now known to belong to a plant possessing highly 
compound foliage of the Sphenopteris type. 

At the close of 1904, when the examination of these specimens 
had been completed, only one case was known in which the seed- 
bearing habit had been ascertained among the group Pterido- 
spermese, to which these Fern-like spermaphytes are now assigned. 

* Oliver and Soott, Phil Tram. R. 8oe„ Ser. B, YoL 197, p. 198, 1904. 

t A full aoooiiDt of the morphology of this seed, and of another new speoies, will 
shortly appear in the Proe. R. Soe. An abstract of this paper was puUiahed in the 
Annalt of Botany, Vol. ux., p. 826, 1905. 

t Olmr and Soott» ibid. 
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This was the genus Meduilosa, in which Mr Kidston* has shown 
that the seeds were borne on ordinary fronds identical with 
the sterile foliage. Since then two new discoveries have been 
announced, and in both cases the seeds are borne on fronds. 
Mr David Whitef has described the seeds of a species otAneimites 
{^Adiantitea), an important genus occurring in Lower Carboniferous 
and Upper Devonian rocks, which are borne on fronds with reduced 
lamina lUst as in the case of the new seeds described here. 

Still more recently M. Qrand'Eury j has made a most interesting 
discovery, affecting a genus of PalaH)zoic plants almast universally 
regarded as true fema. The genus PecopterU^ especially charac- 
teristic of the higher beds of the Upper Carboniferous, and of the 
Permian, contains a large number of species, among which one, 
Pecopteris (Dicksoniites) Pluckeneti Schl., not perhaps a very typical 
member, has been shown by M. Orand'Eury to be a seed-beaiing 
plant. In this case the seeds are borne on fronds hardly differing 
at all from the sterile frond& 

Thus in the four groups or genera, Medullosese, LyginodendresB, 
Adiantites, and some Pecopterids, in which the seed-bearing habit 
is known, the seeds are in all cases borne on fronds, which are 
either little modified and similar to the sterile foliage, or fronds 
with reduced lamina. In lax arrangement of the fructification, 
the habit of these Fern-like spermaphytes must have presented 
a striking contrast to most of the other great Palaeozoic groups in 
which strobili or cones were dominant and conspicuous types of 
sporangial aggregation. 

* Kidston, PML Traiu. R. Soe., Ser. B, Vol. 197, p. 1, 1904. 

t White, Smthnmian MiteeU, CoUeetUnu, YoL 47, Pt. 8, p. 839, Deo. 1904. 

X Qfaod'fiury, Compt, Bend. Acad. Sci., Vol. 140, p. 920, April 8, 1905. 
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Experiments on Penetrating Radiation. By H. L. GoOKB» 
1851 Exhibition Scholar of McQill University: Emmanuel 
College. 

[Received Maj 1905.] 

In a previous paper* the author has shown by experiments 
carried out at the McQill University, that the natural ionization 
in a closed vessel is to be partly ascribed to a penetrating radia- 
tion. Large masses of lead were used as screens to shield a braas 
electroscope from this radiation, and a diminution in the ioniaation 
of between 80 Vo ^nd 85 */o was observed, the radiation inside the 
laboratory being shown to come from all directions with equal 
intensity. Experiments were also made to test the ionisation 
outside the laboratory, on the surface of the frozen ground, and 
on the roof. The .experiments showed the existence of a pene- 
trating radiation uoder these altered conditions, but gave no indi- 
cation as to its source or direction. The experimental arrangements 
consisted of taking alternate runs, first with the vessel exposed, 
and then surrounded on all sides by a lead cage, one inch in thick- 
ness. A diminution in ionization was always observed, but the 
amount of this reduction was not accurately determined, owing 
to the difficulties of experimenting under the conditions en- 
countered, and on account of the tsuct that the apparatus was not 
well adapted for experiments involving great changes of tempera- 
ture, which were sometimes as great as SO"* C. 

The primary object of the present research was to detect and 
measure, if possible, any penetrating radiation coming from the 
atmosphere. The existence of such a radiation is important from 
the point of view of atmospheric ionization at high altitadea. 
The radiation measured in the experiments at Montreal was mich 
that about one-third of an inch of lead screen reduced it to half 
value, and its effect was not observable after passing through a 
thickness of 2 inches of lead. This would mean that the eCfect 
of this radiation from the earth would be inappreciable at a height 
of 600 yards, aod any ionization above this neight would have to 
be ascribed to radiations arising from the air itself or to radio- 
active impurities mixed with it 

In these experiments a small portable ioniattion vessel was 
used, being designed to work independently of chan^[ea in tem- 
perature and weather conditions, and capable of withstanding 
comparativelv roueh handling, and being turned on its side ana 
inverted. 'Die difficulties of designing such a vessel were con- 
siderable, and the form of apparatus snown in the accompanying 

• PhU. Mag., Got. 1908. 
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diagram was gradually evolved, additions and alterations being 
made to overcome working difficulties as they arose. 





The general description of the apparatus is as follows. A 
central charged rod of piano wire, with a platinum tip, is fixed in 
a small rod of block amber insulation, which is supported in a 
brass cup, kept in electrical contact with the case, except when 
the insulation leak is being measured. The device at the top is 
to charge and discharge the insulated rod, a plunger with a plati- 
num disc being employed for this purpose. When not in use 
a nut may be screwed down to hold it firmly in position, and 
thus close the air inlet. Outside the plunger is a brass tube, to 
prevent electrification. This is surrounded by an ebonite tube, 
outside which is a guard ring, kept earthed during readings. 
The top of this guard ring is in the form of a disc, to protect the 
insulation under the flange, on the perfection of which the 
accuracy of the readings depends. Two brass caps slide on over 
the top and bottom attachments, and being carefully waxed down, 
render the apparatus air-tight during runs. The plunger may be 
connected to the battery by means of a tapered plug, fitting in 
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the hole bored down the centre. The drying agent used is 
chloride, wrapped in four small linen bags, resting in porcelain 
trays, and kept in position by means of an electrostatic screen, 
soldered to the inside of the cylinder. In setting up the vessels, 
of which there were two, great care was taken in preserving the 
utmost cleanliness and freedom from contamination with radio- 
active materials. Except for the central rod, all metal parte were 
of brass, the sides and top being about 2 mm. in thickness. AW 
metal to metal joints were soldered, the others being made with 
a marine-glue preparation. The diagram is drawn to scale. The 
volume of ionized air is 510 c.c. 

The method of using these vessels was as follows; the case 
being supported on a stand connected to earth, the central rod 
was charged to an accurately measured potential, usually between 
400 and 410 volts. The top cap was then replaced and waxed 
down, and the vessel set in the place where the ionization was to 
be measured. After remaining there for several hours it was 
placed on an insulated stand, connected with one pair of quadrants 
of a Dolezalek electrometer. After separating the quadrants the 
central rod was charged by means of the plunger to the original 
voltage. This resulted in the central roa acauiring a quantity 
of electricity equal to that carried away by tne total ionization 
current durine the experiment, and an equal charge of like sign 
being repelled to the quadrants of the electrometer, and measured 
by the deflection. 

The object in making two similar vessels was to eliminate if 
possible the effect of any diurnal variation in the natural ioniza- 
tion, by always exposing one under similar conditions, the other 
being reserved for measuring the leak under varying circum- 
stances. It was soon found, however, that the ratio of the two 
ionization currents under apparently identical conditions was not 
more constant than the currents individually. After this was 
shown to be the case both vessels were utilized in examining vary- 
ing conditions, the one being a check on the other. 

It was originally intended to send the vessels up attached to 
a balloon or kite, but this plan was abandoned owing to the 
difficulties and danger of operating in this manner in the neigh- 
bourhood of a large town. The method first adopted was to 
experiment with the vessels on the roof, shielding with lead 
screens, first from above and then from below. Elxperiments were 
carried on in this manner for a considerable time, but no reliable 
results were arrived at. There were strong indications however 
that the radiation was more intense from below than from abova 
The measurements showed a reduction of about 127o when the 
apparatus was shielded from below and from the sides by being 
placed in a cup-shaped lead-casting one inch in thickness. When 
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this cup was inverted and placed over the top of the vessel no 
certain alteration in the ionization could be detected. 

Although the above experiments did not yield conclusive 
evidence on the subject of the radiation from the atmosphere, they 
showed that the radiation on the roof was not the same as that 
inside the building, being at least 20% less than the radiation of 
a similar character inside the laboratory. This increased radiation 
inside the laboratory is not due to the fact that the building has 
been used for experiments with radium or similar materials, for 
the vessels when exposed in the rooms of a private house showed 
if anything a trifle higher ionization, — certainly not less. The 
explanation of the results up to this point is clearly that any 
radiation which may be coming from the atmosphere is less 
intense than that coming from the materials used in the construc- 
tion of the building. 

The method of shielding the vessel from two directions on the 
roof not yielding results with sufficient rapidity or certainty, the 
next plan which suggested itself was to bury the apparatus, and 
compare the leak under these conditions with that observed when 
the vessels were exposed on the roof In the one case the earth 
surrounds the vessels on all sides ; in the other the atmosphere is 
above the horizontal plane, solid material below. Comparing the 
ionization under the two conditions should supply data for esti- 
mating the ratio of the activity of the earth to that of the 
atmosphere. Experiments carried out in this way show that the 
difference in radiation under the two circumstances is very small, 
if any exists. This however does not prove conclusively that the 
radiation from the atmosphere is of the same order as that from 
the earth, as there is always the possibility of the surface of out- 
door objects giving forth a penetrating radiation to a greater 
extent than the unexposed portions. The uncertainty in connec- 
tion with this point has up to the present prevented definite con- 
clusions from being drawn as to the activity of the atmosphere. 
It is intended in continuing the work to test this point experi- 
mentally if possible. 

Experiments were carried out with the apparatus submer^d 
3 feet below the sur£Bu^ of the Emmanuel College swimmmg 
tank, which is about 7 feet deep. The ionization under these 
conditions is about 12% l^s than when the vessels are exposed on 
the roof Comparing the results obtained indoors with those ob- 
served with the apparatus submerged, they show a reduction similar 
to that obtained by McLennan*, and the writerf, by shielding the 
ionization vessels with water, working indoors. When the vessels 
were allowed to float with their tops flush with the surface of the 

• PhxL Mag, ▼. p. 419 (1908). t Loe. eiU 
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pond, the ionization increased between 5 and lO^o* Suspending 
the apparatus by a wire over the surface of the pond gave results 
similar to when the vessels were exposed on the neighbouring 
lawn, or on the roof of the laboratory. This increased radiation 
may be due to the banks of the pond, and the presence of a large 
number of trees in the immediate neighbourhoKxl. 

The theory has been suggested that all substances may give rise 
to a penetrating radiation, and that the ratio of the amount of 
this activity to the density of the substance may vary in different 
materials. When an ionization vessel is surrounded on all sides 
by a thickness of any substance sufficient to absorb all external 
radiation, the ionization in the enclosed ^ assumes a definite 
value, which depends on the ratio of activity to density of the 
shielding material, and which is unaffected by additional layers of 
the screening substance. Under such circumstances the greatest 
reduction in ionization observed has been 35% of the value 
obtained when the apparatus was unsci*eened indoors. How much 
of the remaining 65 70 is due to a penetrating radiation from the 
screening material, and how much is due to a radiation of a more 
easily absorbed type from the walls of the vessel, no experiments 
up to the present have indicated. The results so far show that 
in water, lead, iron, and possibly the atmosphere, this ratio of 
activity to density is small, but there is no means of estimating 
how near zero this ratio is. The results are merely comparative. 
The experiments up to the present with the apparatus buried 
have not been sufficiently extensive to draw accurate conclusions 
from, but there are indications that for earth this ratio is higher 
than for water, iron, and lead. 

The results obtained up to the present may be summarized as 
follows. The penetrating radiation inside buildings is about 25% 
greater than that outside on the roof. The ionization with the 
vessel on a lawn and suspended over the surface of a tank is ap- 
proximately the same as on the roof. Submerging the apparatus 
to a considerable depth in a spring-water tank further reauoes the 
leak by about 127o» the reduction not being so great with the 
apparatus floating on the surface. The ionization with the vessels 
buried about a foot in the ground does not differ greatly from the 
results on the roof. 

The work is being continued. The author wishes to express 
his sincere appreciation of Professor Thomson's unfailing interest 
and many useful suggestions during the course of the work. 
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A suggestion as to the nature of the "wainvt*' comb in Fowls. 
By W. Bateson, M. A., F.RS., St John's College, and R. C. Punnett, 
MJL, Gk>nyille and Caius College. 

[Beesived 3 June 1905.] 

In Report II to the Evolution Committee of the Boy. Soc., 

1). 109» we discussed the problem of Malay or " walnut " combs in 
owls on the supposition that the four types of comb, viz. single {s\ 
pea (p), rose (r), and ''walnut" (rp), are allelomorphic to each 
other. 

The fikcts are (1) that rxp gives in Fi a zygotic combina- 
tion rp, which difiTers in essential features from any other kind of 
comb, especially in the presence of feathers or hairs on its surface 
usually disposed as a transverse band. 

(2) That the gametes of this J^i are of four types, s, r, p, rp, in 
6({ual numbers, which is proved bv the result of breeding the J^i 
with a singla Similarly JPi x i^ gives an average of 9rp, 8r, 
8p, Is. 

(3) The rp birds in J^, may then be pure rp ; or they may 
give off only r and rp ; or only p and rp ; or again they may bear 
gametes of all four types. We have thus far failed to find any 
mdividuals that give only rp and «; or to distinguish anv class 
SB the product o{ rpxs frx)m those which are the product of 
rxp. 

The rp gametes were regarded as true examples of gametic 
synthesis, and the appearance of », absent from botn pure parents, 
was treated as due to a resolution or break-up of either the r, 
the p, or both. A much simpler and probably more correct 
accoimt has since suggested itsdf, which it is the object of this 
note to consider. 

This suggestion will be made more intelli^ble by describing 
the way in which it was reached. Certain experiments on Primula 
sinensis made by R P. Qregory in conjunction with W. Bateson 
bad shown that short style, or thrum, is dominant to long style, 
or pin. In addition to these two types a condition is known 
which, foUowinflf Darwin, we have called homostyle. In it the 
anthers are at the level proper to pin, but the style does not pass 
through them, and the stigma is at the level of the anthers, the 
whole style having tJbe length proper to the thrum type. The 
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pollen of bomostyles is of the pin type. The corollas, however, 
are peculiar in that they always nave a yellow flush which extends 
the ''eye" far up the petals (whence the best known homoetyle 
strain derives the name of *' Primrose Queen "). 

In the course of the work thrum was crossed with homostyle, 
giving ^1 ordinary thrum without the yellow flush. But J^s con- 
sisted of four types: (1) thrum without yellow flush; (2) thrum 
with yellow flusn ; (3) pin without yellow flush ; (4) homoetvles 
with yellow flush. The ratios were evidently 9:3:3:1. The 
form pin, not introduced as an original parent, thus appears in f^ 
as a novelty. 

The interpretation is obvious. The allelomorphic pairs aie 
clearly two. (1) Thrum (D) and pin (R). (2) No yellow flush (D) 
and yellow flush (R) ; and the homostyle is merely a zygotic state 
occurring when yellow flush and pin coincide. The pin therefore 
appears as a novelty by the meeting of pin and "no yellow 
flush." 

This observation naturally suggested that the single comb in 
Ft from rxp might have a similar mode of origin. Applying this 
hypothesis the original parents, r and p, are regarded as respec- 
tively rose + no-pea, and pea + no-rose. The allelomorphs are 
(1) rose and absence of rose ; (2) pea and absence of pea. The 
rose and the pea characters belong to distinct allelomorphic pairs. 
When therefore r meets p the zygote would be walnut, ana the 
single is regarded as constituted by the meeting of gametes 
beading neither rose nor pea. In this way all the phenomena are 
brought into simple relation with each other and the case is 
exactly comparable with that of any other dihybrid. This suggestion 
has the merit that it obviates any appeal to resolution, and that 
the gametic synthesis apparently occurring in the case of the rp 
character becomes an ordinary phenomenon of dihybrid inheritance. 
Finally, the fsu^t that rxp cannot be distinguished from ij^xs 
finds a ready explanation. 

If we do not look beyond the special case of the walnut oombs^ 
this account seems so complete as to make further diacuasioii 
unnecessary. We can only express surprise at our failure to 
perceive it sooner. This failure was of course due to the pre- 
conception that the types of comb were definite entities altematiye 
to each other, while, as is now evident, the presence of a nven 
modification must be regarded as allelomorphic to the aSsence 
of the same modification. The essential feature of the rose comb 
is its papillosity, while the ridges mark the pea The single comb 
is thus to be regarded as a comb into which no such aclditioiud 
element is introduced, being neither papillose nor ridged, and is 
thus a factor common to all the other types, rose, pea^ and 
walnut. 
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Previonsly we had regarded the allelomorphism as existing 
between the various factors which caused the comb to be either 
rose, pea, walnut, or singla The critical point of difference 
between the two views lies in the way in which single is regarded. 
While formerly we treated it as a positive condition seoregating 
firom the others, on what we may call the presence-and-absence 
hypothesis it is to be recognized as the original state into which 
the fiictor — or pangen, if we use de Vries' term — for rose, pea, etc., 
has been introdu<^ 

Since the ratios, both of characters and hereditary powers, are 
identical in both cases, simple experiment does not discriminate 
between the two possibilities ; though certainly if all the different 
kinds of elaborated combs*, such as Houdan, Crfeve-Coeur, etc., are 
found to ^ve singles in F^ from rose or pea, the £Etct will tell 
distinctly in fiftvoar of the presence-and-absence hypothesis. 

In spite of the great simplification which this conception 
effects, there are certain difiBculties besetting it. In the first 
place it is not readily conceivable that rose and pea are in reality 
nothing but rose elements on a basis of single comb, or pea 
elements on a basis of single comb. This diflBculty is especially 
great in the case of the Indian Gbme hen and the Malay hen, for 
in each of these the comb is so low that it can scarcely be regarded 
as formed merely by the moulding of even a low single como into 
the pea or walnut shape. An extreme difficulty of a similar kind 
is presented by the fact that the walnut comb has special charac- 
teristics not present in either rose or pea, notably the hairs or 
feathers on its surface. We must recognize, therefore, that if 
these forms are produced by the addition of shape- elements such 
as rose, or pea, or both, the result is not merely that which would 
be expected as the consequence of simple additions. 

If we take a somewhat wider range and consider the possi- 
bility of applying such presence-and-absence hypotheses to the 
phenomena of heredity at large further difficulties are encountered, 
to which it may be well to make reference now. For example, 
the phenomenon of dominauce on the part of a negative character 
is difficult to reconcile with this conception. Such a case occurs 
even in the combe, for the Fowl x Pneasant is declared to be 
always without any comb at alii*. Striking cases have been 
reoonded by Biffen} in Barley crosses, where the absence of female 

* Mr 0. 0. Hani hsa inggMtad to ns that a jMurtionlarlj interesting experiment 
on this point oonld be made bj orossing the Breda fowl with roie or pea. The 
Breda la deecribed ae haying no oomb, but a concavitT in its plaoe. In it the 
vattlea are represented as of the siie proper to an ordinary single-oombed fowl. 

t See for inatanee Tegetmeier, TAs Pouitry Book, 1867, p. 105. 

t BifllsD, B. H., Jour. Agr. Sei., 1906, i., p. 256. 
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organs Id the lateral florets, and even absence of the lateral florets 
altogether was found to be dominant over the presence of faUy 
developed flowers. Doubtless the statement could be inverted, 
and it could be suggested that the absence of the florets, eta, was 
due to the presence of some element which prevented their growth, 
but that would be to abandon all mdgments based on the actasl 
appearances, and the terms would become meaningless. 

The next question is whether hypotheses of preaence-and- 
absence provide a substitute for the conception of oompoand 
allelomorphs. In many cases it is likely that characters at first 
sight reckoned as compound will prove to be made up, like the 
walnut comb, by the co-existence in one zygote of elemoitB 
belonging to distinct allelomorphic pairs. 

For instance, the colour of a flower, made up of both aap- 
elements and plastid-elements, might pass for a compound character. 
Here a disproof is easily obtained firom the fact that such a flower 
when crossed with white will give in F^ the four types, sap-ooloor 
alone, sap-colour + plastid-oolour, white alone, plastid-colour alone 
Conversely a red crossed with cream (viz. plastid-oolour) will give 
some whites in i\, as in Sweet-peas and Stocks*. But that there 
are limits to the extension of tnis principle is suggested, e.g. by 
the class of cases in which Ft contains a number of new types, 
though one of the original pure types may not reappear. Such a 
case is that of Brown Leghorn x White tieghom, which g^ves in 
Ft cuckoo, slaty, pile, etc., but the Brown Leghorn colour has not 
reappeared in about 500 chicks. 

Other cases with which any hypothesiB of the mere preseDoe 
and absence of characters cannot apparently deal are to be found 
among the phenomena of reversion and the peculiarities seen in 
the behaviour of extracted types ; but until the evidence od this 
part of the subject is more complete it can scarcely be profitably 
discussed. 

* Boy. 8oe, Evol Com. i^p., 1906, n., pp. S7 sad S6. 
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The Absence of Isomerism in substituted Amm^mium Com^ 
pounds. By H. O. Jones, M.A., Clare College. 

[Received 15 July 1905.] 

Recent work on quinquevalent nitrogen compounds has shown 
that no stable isomerides, other than optical isomerides» exist 
except in the case of the a and ^ phenyl-benzyl-methyl-allyl- 
ammonium compounds discovered b^ Wedekind. The a compound 
is formed in two ways by the addition of benzyl or allyl iodide 
to the corresponding tertiary amine, while the ^ compound is 
formed by the action of methyl iodide on benzyl-allyl-aniline. 
It has of late become impossible to reconcile the existence of 
these stereoisomerides with the absence of isomerism in a number 
of similar compounds, and the writer has examined the /3 iodide 
in the hope of gaining further knowledge as to the nature of the 
isomerism. 

If the iodide be stereoisomeric with the a compound and, 
further, if it behave similarly in chloroform solution, namely, 
dissociate partially into benzyl iodide and methyl-allyl-aniline, 
then in chloroform solution /8 should be transformed gradually 
into a, since this is formed by the union of benzyl iodide and 
methyl-allyl-aniline. It was found that a chloroform solution 
of /3 smelt strongly of benzyl iodide, and yet that the /9 iodide 
could be recovered unchanged even after the solution had been 
boiled and allowed to stand for a week. 

It is therefore extremely probable that there is a structural 
difference between these compounds. 

Uantzsch and Horn (Ber. 1902, 36, 883) state that the com- 
pound is unsaturated because its chloride unites directly with 
bromine and decolourizes potassium permanganate solution, neither 
of which reactions is given by the pure 13 compound. 

The writer has found by analysis (in previous analyses the 
nitrogen and iodine only had been estimated, and the latter 
wrongly) and a careful examination of its properties and reactions 
that the so-called /8 phenyl>benzyl-methyl-allyl-ammonium iodide 
is really identical with phenyl-benzyl-dimethyl-ammonium iodide 
previously described (Proc. Camb. Phil. Soc. 1901, xi. 113. Trans. 
Chem. Soc. 1903, 83, 1409). The reaction between benzyl-allyl- 
aniline and methyl iodide in which allyl iodide is removed is 
therefore abnormal. 

Since the isomerism observed in certain hydrindamine salts 
by Kipping has been shown to be due to the acid, there is no 
known case of stereoisomerism, again excepting optical isomerism, 
in substituted ammonium compounds containing only one nitrogen 
atom ; and, judging firom the large number of negative results, 
it is extremely probable that such isomerism does not exist. 
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The rate of recombination and the eise of gaeeous ions. By 
J. J. Thomson, M.A., Cavendish Professor of Erperimental 
Physics. 

[Read 1 May 1905.] 

If two oppositely chaiged ions start from rest, the attaraddoii 
between them will cause tnem to run together, they will form a 
permanently^ connected system and cease to act as ions. If, 
however, the two ions instead of starting from rest start with 
high velocities, then though they will approach each other, their 
momentum will cause them to separate again ; they will not form 
a single system, but will continue to act as ions. Now, if the 
charged ions possess on the average the same kinetic energy as 
is possessed by the molecules of the sas in which the ions occur, 
they will be moving with very considerable velocities. Consider 
two ions the one positively the other ne^tively electrified; 
they will attract each other with a force varymg inversely as ihe 
SQuare of the distance between them ; we know from the theoiy 
01 central forces that if when the ions are at a distanoe r apait^ 
the kinetic enerfipr due to their relative motion is greater than 
^/r (where e is uie charge on an ion), the ions will not describe 
closed orbits round each other, but will separate and ultimately 

5et an infinite distance apart, they will therefore not reoombine. 
f, however, the kinetic energy T is less than ^/r, the particles 
will revolve round each other and recombine. Thus for recom- 
bination to take place the ions must approach within a distance r, 

such that T< - or r < ^ . Since T only depends upon the 

temperature, the limiting distance will be the same for all ions. 

Since T is the average kinetic energy of two ions, we have, 
by the Kinetic Theory of Oases, if iV' is the number of molecules 
in a cubic centimetre of gas at a pressure p, 

p^\NT, thus T^Sp/N and eF/T^^Nei'/Sp. 

At atmospheric pressure and O"" C, 

p-10*, Ne^V22xlW^, e = 8-6xl0-»; 

thus Ne^/Sp =x r - 14 X 10-« cm. 

Thus for recombination to take place the two ions moat 
approach within a distance 1*4 x 10"^ cm. This distance is ex- 
ceedingly small compared with the average distance between the 
ions in any known case of ionization. 

To find how long an ion will be before it comes within this 
distance of an oppositely charged ion, let V be the average 
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velocity of translation of one ion relatively to the other ; in the 
time t the ion will move through a distance Vt relatively to the 
oppositely chai^d ion, and every point inside the cylinder, whose 
volume is wr^Vt, will be at a distance not greater than r firom the 
ion at some point of its path. Thus, if there are n positive and 
n negative ions per unit volume, the ion in the time t will come 
within combining distance of rnrr^Vt oppositely charged ions. 
Thus the number of recombinations per ion per second is rvrrr^V, 
&nd since there are n ions per unit volume, the number of re- 
combinations per unit volume per second is n^Tn^V, But if a is 
the coefficient of recombination, this number is by definition equal 
to on", thus a = TIT* r, or substituting the value of r, 61 x 10 '^'F. 
If the ions in hydrogen had the same mass as a hydrogen mole- 
cule. V at 0° C. would be y2 x 18 x 10* and a lo x 10-«. This 
is the right order of magnitude for a, as at atmospheric pressure 
a for hydrogen, air and carbonic acid is about 10~~*. We should 
expect the value of a determined by the equation a = 61 x 10~"F 
to DC too small, for in determining it we have neglected the effect 
of the surrounding gas on the motion of the ion ; this gas will 
act like a resisting medium and will cause some ions to fall 
together which would otherwise have escaped from each other s 
action. We should expect that the effect of the surrounding gas 
would be ^eater at high pressures than at low ones, so that a 
would diminish with the pressure, a result shown very clearly in 
Langevin's experiments. Since the equation a^S'l x lO'^'F 
must give too small a value for a, while the value got by this 
equation on the supposition that the mass of the hydrogen ion is 
equal to the mass of the hydrogen molecule is slightly too large, 
we infer that V for the hydrogen ion must be less than V for the 
hydrogen molecule, this requires the mass of the hydrogen ion 
to be greater than that of the molecule ; the near agreement of 
the theory and experiment indicates that the mass of the ion is 
not a large multiple of that of the molecule. 

We have assumed that the kinetic energy of the ion was 
determined by the temperature of the gas, this will be the case 
when the electric field is weak, so that the velocity acquired by 
an ion under the field is small compared with the average velocity 
due to temperature. In electric fields strong enough to produce 
diachai^e the velocity due to the field is much greater than that 
due to temperature, and the kinetic energy is much greater than 
that assumed in the preceding calculation. The value of a in 
this case will be very much less than the value we have calcu- 
lated, and we see that the value of a will diminish rapidly as the 
strength of the field is increased. 

Let us now find the rate at which a charged molecule would 
combine with an uncharged one to form a complex ion containing 
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two molecules. In order to get numerical results we shall assume 
that both the charged and the uncharged molecules are conduct- 
ing spheres of radius a. If c, the distance between the centres 
of these spheres, is a considerable multiple of a, then the woik 
required to separate the spheres to an infinite distance is approxi- 

1 e*a' 
mately ^ --^ , and if the molecules are to remain paired this 

must be greater than their kinetic energy. We have seen that 
viV\ the kinetic energy of two molecules at 0°C., is equal to «*/r 
when r = 1*3 x 10~^, hence for union to take place c must be less 

than (J aV)*. If we put a = 10""' cm., c must be less than 2"7 x 10^. 
Thus, if 2\r is the number of molecules, n the number of ions per 
unit volume, the number of complex ions formed per unit time 
pr unit volume is vNn(2'7 x 10-«)*F. The factor 7r(2-7 x 10-«)» 
is about 1/2*5 x 10* of the factor in the expression for the rate of 
recombination of oppositely charged ions. The smallness of this 
factor is, however, far more than compensated by the enormous 
excess of molecules over ions; the ionization would have to be 
very intense indeed for the number of ions to amount to 1/10" 
of the number of molecules ; thus N will be at least 10" times n, 
and therefore the number of combinations between a charged and 
an uncharged molecule will in a given time be at least 5 x 10" 
times the number of combinations between oppositely charged 
ions ; hence at the very beginning of its career the charged mole- 
cule will recombine and form a complex ion ; thus a charge will 
be carried by the complex ion during practically the whole time 
of its existence as a free charge. 

Limit to the size of a gaseous ion. After the charged molecule 
has increased in size by attractincf another molecule, the work 
required to drag an additional uncharged molecule away fix>m it, 
starting from a given distance, will be less than the work required 
to drag a molecule from a single charged molecule. The more 
complex the ion becomes the less is the work required to drag 
an uncharged molecule away from it; at a certain stage of 
complexity the work required to drag a molecule from the ion 
is less than the kinetic energy possessed by the system in virtue 
of its temperature, when this stage is reached the ion will cease 
to attract fresh molecules. 

The work w required to separate an uncharged sphere of radius 
a from a charged sphere of radius b, the spheres being all but in 
contact, is (see Maxwell's Electricity amd Magnetism, vol. I. p. 275) 
given by the equation 

1 £ 1 e 

^"2 . , L . / 6 \ . . / a M 2 6 
a + 
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where 7 « -67712, 

^(^) = ^logr(l+a:). 

Tables by which we can calculate -^(a) are given in De 
Morgan's Differential and Integral Caiculiis, p. 687. 

From these tables I find the following values for the work w, 

a as 6, w sx '14 - , 
' a 

o J. 1 ^ 

**"^' ^-156 a- 

Now the process of aggregation will stop when w becomes 
less than the kinetic energy of the system, which at 0^ C. is equal 
to ^/r, when ♦•= 1-3 x lO"* 

Thus, if a » 10^, the work required to separate a molecule 
from an ion whose radius is 2a is greater than 6*/r, but the work 
reauired to separate a molecule from an ion whose radius is 3a 
is less than ^/r ; hence in this case the radius of the ion cannot 
exceed three times the radius of the molecule. If a » 10~^ cm., 
the work re(]^uired to separate a molecule from an ion whose 
radius is 2a is less than 0*/r; hence in this case the radius of 
the ion cannot exceed twice the radius of the molecule. The 
larger the molecule the smaller will be the ratio of the size of 
the ion to that of the molecule, with very large molecules it is 
probable that the molecule and the ion are identical. The ions 
m different gases will thus not differ so much in size as the 
molecules of the gasea Since the kinetic energy is greater at 
a high temperature than at a low one, the process of the aggre- 

Ektion of molecules in the ion will stop at an earlier stage the 
gher the temperature, so that the ions will be simpler at high 
temperatures thiEm at low onea 



PROCEEDINGS AT THE MEETINGS HELD DURING 

THE SESSION 1904—1905. 

ANNUAL GENERAL MEETING. 

Oetcbm' Zlst, 1904. 

In the Optical Lecture Room. 

Db Bakkb, Prbsidbnt, in the Chaib. 
The following were elected officers for the ensiling year : 

PretidetU: 
Professor Marshall Ward. 

Vie^PreMenU : 

Professor Thomson. 
Professor laveing. 
Dr K W. Hobson. 

Treatwrer: 
Mr H. F. Newall. 

Secretariei : 

Mr A. K Shipley. 
Mr G. B. Mathews. 
Mr P. V. Bevan. 

Other Members of the Cawnoil: 

Mr H. J. H. Fenton. 
Mr A. Berry. 
Dr J. E. Marr. 
Mr D. Sharp. 
Professor Larmor. 
Mr W. 0. D. Whetbam. 
Mr G. H. F. Nuttall 
Mr F. H. Neville. 
Mr S. Rohemann. 
Dr Anderson. 
Mr A. Hutchinson. 
Mr F. F. Blaokman. 



Proceedings at the MeeUngs. 175 

The names of the Benefactors were recited. 
The following was nominated an Associate of the Society : 

H. N. Russell, King's College. 

The following Communications were made : 

1. On the Dimorphism of the English species of IfummulUea. 
By J. J. LisTKK, M.A., St John's College. 

2. A problem concerning Wood and lignified Cell-walls. By H. 
Mabshall Ward, 8c. D., Pi^essor of Botany. 

3. The Pine- Apple Gall of the Spruce : Note on the early stages 
of ite development. By E. R. Bubdon, B.A., Sidney Sussex College. 

4. Note on some peculiar Features in Seedlings of /V^Mromta. 
By A. W. Hill, M.A., King's College. 

5. On certain Quintic Surfaces which admit of Integrals of the 
First Kind of Total Differentials (Second Paper). By A. Bbrbt, M. A., 
King's College. 



Ilovember Uth, 1904. 
In the Cavendish Laboratory. 

Pbofbssob Mabshall Wabd, Pbesidbnt, in thb Chaib. 

The following were elected Fellows of the Society : 

N. R. Campbell, B.A., Trinity College. 
J. H. Field, B.A., St John's College. 

The following Communications were made : 

1. The charge of the a rays from Polonium. By J. J. Thomson, 
M.A., Cavendish Professor of Experimental Physics. 

2. On the dynamical significance of Kundt's Law of selective 
Dispersion in connexion with the transmission of the energy of Trains 
of Dispersive Waves. By J. Labmob, M.A., Lucasian Professor of 
Mathematics. 

8. The chlorination of a Picoline. By W. J. Sill, M.A., Christ's 
College. 

4. An attempted synthesis of Uric Acid. By H. J. H. Fsnton, 
M.A., Christ's CoUege. 

5. The diffusion of Hydrogen through Palladiuin. By O. W. 
RiCHABDeoN, M.A., Trinity College. 

6. Optically active Nitrogen Compounds. By H. O. Jones, M.A., 
dare College, and Miss M. B. Thomas. 
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November 28A, 1904. 
In the Optical Lectare Boom. 

Pbofsssob Mabshall Ward, Prksidirt, nr thb CnAim. 

The following were elected Fellows of the Society : 

J. J. R Darack, B.A., Trinity College. 

W. G. Fearnsidea, M.A., Sidney Soaaez College. 

The following was elected an Aaaodate of the Society : 

H. N. Russell, King's College. 
The following Communications were made : 

1. Remarks on Firoplaefnosis with exhibition of specimeniL By 
O. H. F. NuTTALL, M. A., Christ's College. 

2. Exhibition of new and rare Arachnids taken near Cambridge^ 
By C. Wabburton, M.A., Christ's College, and N. D. F. PEABca» M.A., 
Trinity College. 

3. The Inheritance of Tortoiseshell and other Colours in Cata. 
By L. DoNOASTBR, M.A., King's CoUege. 



Jomuartf SOih, 1905. 

In the Cavendish Laboratory. 

Profbssor Marshall Ward, Prbsideht, nr thb Chaib. 

The following were elected Fellows of the Society : 

B. Hopkinson, M.A., Trinity College, Professor of Mechaniam and 

Applied Mechanics. 
S. A. McDowell, B.A., Trinity College. 

The following Communications were made : 

1. On the non-electrification of y^rays. By J. J. Thomson, M.A., 
Cavendish Professor of Experimental Physics. 

2. Are metals made radia«ctiye by the influence of Radium radia- 
tion f By J. J. Thomson, M. A., Cavendish Professor of Experimeiital 
Physics. 

3. Note on the positive leak from hot Platinum in Air. fiy 
O. W. Richardson, M.A., Trinity College. 
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4. Are metals made radio-active by the inflaence of Radium 
mdiatioiif By Professor Bumstsad. (Communicated by Professor 
Elioinaoii.) 

5. Some methods of increasing the Spark length of the Wimshurst 
MLachine. By B. J. Palmer (Communicated by Professor Thomson.) 



February Uth, 1905. 

In the Optical Lecture Room. 

Professor Marshall Ward, President, in the Chair. 

The following was elected a Fellow of the Society : 

K. Lucas, B.A., Trinity College. 
The following Communications were made : 

1. Orthogonal and other special systems of Invariants. By 
Major P. A. MacMahon. 

2. Reduction of generating functions by means of complex inte- 
gration. By G. B. Mathews, M.A., St John's College. 



Fehrua/ry 21ihj 1905. 

In the University Chemical Laboratory. 

Mr F. H. Neville in the Chair. 

The following were elected Fellows of the Society : 

R. H. Biffen, M.A., Emmanuel College. 
E. H. Hankin, M.A., St John's College. 

The following Communications were made : 

1. Soluble sodium dihydroxytartrate. By H. J. H. Fenton, 
M.A., Christ's College. 

2. Studies on unsaturated Eetonic Compounds. By S. Ruhbmann, 
M.A., Qonville and Caius College. 
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3. Some Compounds of Guanidine with Sugars. By R. S. Moe- 
RXLL, M.A., Gonville and Caius College, and A. £. Bellabs, B.A*, 
Magdalene College. 

4. The influence of strong electromagnetic fields on the spaik 
spectra of some metals. By J. E. Pubyis, M. A., St John's Collie. 



March Id^A, 1905. 



In the University Chemical Laboratory. 

Professor Marshall Ward, President, in the Chaib. 
The following was elected a Fellow of the Society : 

H. T. Ferrar, M.A., Sidney Sussex College. 
The following Communications were made : 

1. On the relation in size between the megalosphere and the 
microepheric and megalospheric tests in the Nummulites. By J. J. 
Lister, M.A., St John's College. 

2. The Penguins of the Antarctic. By E. A. Wilson, M.R 
(Communicated by Mr A. E. Shipley.) 

3. The old Moraines of South Victoria Land. By H. T. Fsbrab, 
M.A., Sidney Sussex College. (Communicated by Mr A. K Shipley.) 

4. Notes on a collection of Parasites from the Museum of Univer- 
sity College, Dundee. By A. £. Shipley, M.A., Christ's CoU^^. 

5. On the Maturation of the Egg and early development in certain 
Sawflies {Tenihredvnidte). By L. Doncaster, M.A., King's CoU^e. 

6. Densities of the Earth's Crust beneath Continents and Ooeaxis 
compared. By Rev. O. Fisher, M.A., Jesus Collega 



May \st, 1905. 

In the Cavendish Laboratory. 

Professor Liveing, Yigb-President, in the Chair. 

The following Communications were made : 

1. On the striation of i^he positive column in discharges through 
vacuum tubes. By J. J. Thomson, M.A., Cavendish Froieaaor of 
Experimental Physics. 
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2. On the rate of recombination and the size of gaseous ions. By 
J. J. Thomson, HA., Cavendish Professor of Experimental Physics. 

3. Some physical properties of Sodium Vapour. By P. Y. Bkyan, 
M.A., Trinity College. 

4. A null method of measuring small ionizations. By N. R. 
Campbsll^ B.A., Trinity College. 

5. The reflexion of Sound at a Paraboloid. By Rev. H. J. Sharps, 
M.A., St John's College. 



May \bth, 1905. 

In the University Botanical Laboratory. 

Professor Marshall Ward, Prbsidbnt, in thb Chair. 

The following were elected Fellows of the Society : 

T. G. Bedford, M.A., Sidney Sussex College. 

C. Chittock, B.A., Trinity College. 

J. Aldren Wright, M.D., Sidney Sussex College. 

The following Communications were made : 

1. Exhibition of Lantern Slides of Fungi. By H. Marshall 
Ward, 8o.D., Professor of Botany. 

2. Infection phenomena in various species of UredineiB. By 
L B. P. Evans, Sidney Sussex College. (Communicated by Professor 
Marshall Ward.) 

3. The abortive development of the Pollen in certain cross-bred 
Sweet Peas. By R. P. Grkoort, M. A., St John's College. 

4. Crosses between fully fertile varieties of Barley and varieties 
bearing unisexual and sexless flowers. By R. H. Biffen, M.A., 
Emmanuel College. 

5. The Seed-bearing Habit in the Lyginodendrese. By £. A. N. 
Arbbb, M.A., Trinity College. (Communicated by Professor Marshall 
WaitL) 

6. Experiments on penetrating Radiation. By H. L Cooke, 
Emmanuel College. 



CONTENTS. 



PAGl 

129 



132 



133 



Note on sonw Physical ProperU'es of Soduim Vapo^ir. By P. V. BevaN 
A NuU Metlwd of Hea^ring S^iuill ImvUatim^, By Norman R 

Campbkll * . . • . • 
On the lieflectimi of Sound at a Parafx>loid. Part IL] By The Rev 

H. J. Shaepe • • 

m Abortive Jkvclapm^nt of t!ie Pollen in c^tam S^veet-Pea. (Uthyrus 

odoratus). (With Pktes 1. and II.) By R. P, Geboobv . • ^^ 

The se^.bearing habit in the Lygiiwd^^uirea^^ By E. A- Newf^ll Abbbr 1^^ 

Ejcperivwnts on Penetmting Radiation, By H. L. CooKB . 

A suggestion as to the ^uUure of the -imlnut^' co^nb va Fmcls, By 

W. BATE80N and R. C. Puxnett 

The Absence of Isomm^n in suhstiZiUed Aimrwnium Compounds. By 

H. 0. Jones . . . . , • - • • - * 
The rate of recombination, a^ut the size of gaseous ions. By Professor 

J. J. Thomson . . , - ^ • * " * 

Proceedings at the Meetings held during the Session 1904-1906 - . • 



166 



170 
174 



■,^m^,^^^9-w ntvrknrvtT* 



PROCEEDINGS 



OF THE 



CAMBRIDGE PHILOSOPHICAL 

SOCIETY. 



VOL. XIII. PART IV. 



[Michaelmas Term 1905.] 



AT THE UNIVERSITY PRESS, 

▲HD BOLD BT 

BEIOHTON, BELL A CO. AND MACMILLAN A BOWES, CAMBRIDGE. 

CAMBRIDGE UNIYERSITT PRESS WAREHOUSE, 
C. F. CLAY, MANAGER, FETTER LANE, LONDON, E.C. 

1906 

Price Two ShiUinga and Sixpence. 

81 January, 1906. 



NOTICES. 

1. A limited number of complete sets of the first Ti| 
Volumes (thirty parts and index) of the Transactions is i| 
stock ; sets may be obtained on application to the Secretvill 
of the Society. The price is £20 a set. 

2. The subsequent volumes of the Transactions may \ 
obtained at the following prices ; Vol. XI. £1. 5s. 6d ; Vol XJ 
£1. lOs. 6d. ; Vol. xiii. £1. 25. 6d. ; Vol. xiv. £1. 175. 6d.; VoLlI 
£1. 125. 6d.; Vol. xvi. £1. IO5. ; Vol. xvii. £1. 25. 6d.; VoLxvU 
£1. I5. ; Vol. XIX. £1. 08. ; Vol. xx. Nos. 1 — 6, IO5. 

3. Complete sets of the Proceedings, Volumes i. — xill., Part 
1 — 4, may also be obtained on application to the Secretaries d 
the Society. 

4. Letters and Communications for the Society should ll 
addressed to one of the Secretaries, 

Mr A. E. Shipley, Christ's College. [Biological.] 
Rev. E. W. Barnes, Trinity College. [Mathematical.] 
Mr P. V. Bevan, Trinity College. [Physical.] 

5. Presents for the Library of the Society should be d 
dressed to 

The Philosophical Library, 

Neiv MvseiimSf 

Cambridge. 

6. Authors of papers are informed that the Illustrations an 
Diagrams are executed as far as possible by photographic "proce* 
work, so drawings should be on a large scale and on smooth whitt 
Bristol board in Indian ink. 

7. Members of the Society are requested to inform th 
Secretaries of any change of address. 



R«pilAt*d in Th* N«tb»rlandi 



PROCEEDINGS 



OF THE 



Camkttrgt ^|^tlos0pl^TfaI S>oritlg* 



On a Well'Stnking, ,cU Oravdey, near Huntingdon. By the 
Rev. O. Fisher, M.A., F.G.S., Hon. Fellow of Jesus College. 

[Head 30 October 1905.] 

The position of this well on the six-inch Ordnance Map is half- 
way between the "R" in "Rectory" and the "B" in "B.M. 164-5;' 
which figure may be taken as the height in feet of the locality 
above Ordnance datum. It seems desirable to put on record the 
strata which have been proved in this an extreme western comer 
of the county of Cambridge. 

The work was started in the spring of 1905, under the advice 
of a water-finder. The sinking was begun in Boulder clay, and 
after passing through 50 feet of this the Oxford clay was 
encountered. This was due into to a depth of 94 feet from the 
surface, and then bored further to the depth of 302 feet from the 
surface. A bed of stone, probablv Cornbrash, was now reached, 
and was punched through for l^ feet. A foot more was then 
bored in clay, when a hard rock was encountered, and the work 
was abandoned 

The section then was, 

feet 

Boulder clay 50 

Oxford clay 262 

Cornbrash 1^ 

CUy 1 

Rock (thickness not proved) 

30^ 
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A little water came into the bore hole, and it was salt. 

I have visited this well twice, once on July 5, when the Boulder 
clay had been pierced, and the boring was in progress in Oxford 
clay at the depth of 95 feet ; but my son, the Kev. O. P. Fisher, 
who became Rector of Graveley after the work was commenced, 
had previously from time to time brought me specimens. 

I visited the well again October 14, a few days after the work 
was stopped, and looking over the stuff that had been thrown out 
found little that was new. But I brought away some of the mnd 
obtained by punching at the bottom of the bore-hole, thinking 
that it might afford evidence of the nature of the rock at that 
depth. It is, however, necessarily mixed with Oxford clay scraped 
off the bore-hole higher up by the action of the rods. This mad 
I have washed, and think that the residue proves that the rock 
did not consist simply of indurated Oxford clay, but was Oolitic. 
A few small fragments which mv son obtained from the workmen 
point in the same direction, and are very similar to the matrix of 
some Combrash fossils in the Sedgwick museum*. This identi- 
fication is important, as giving the thickness of what remains of 
the Oxford clay at the locality. 

The Boulder clay is of a dark blue colour when wet, and 
somewhat sandy, full of rounded and scratched pebbles of chalk, 
mostly small, a few larger pieces like potatoes, bits of aharidy 
broken black flint, but no flint pebbles. Red chalk was not 
uncommon, and bits of Kimmeridge shale, highly inflammable. 
The rocks were almost entirely cretaceous or Jurassic. Mr Harmer, 
however, reported carboniferous limestone among some specimens 
sent to him. Some larger stones were found towards the bottom 
of the Boulder clay which were probably derived septaria. 

Many boulders are to be seen scattered about the village. 
I noticed a block of a basaltic rock, and a well-scratched piece 
of carboniferous limestone, at the entrance to Mr Ashcroft'a 
fium. 

The Oxford clay contained many rather undersized shells of 
Oryphea dilatata with both valves united. 

The Combrash consisted chiefly of comminuted shells with a 
few Oolitic grains. Occurring, as it does, 160 feet below sea levd, 
the colour is dark instead of the brownish-yellow one commonly 
finds in Oolitic stone. This is, I think', the first instance 
of a member of the lower Oolites being met with in East 
Anglia. 

I was told that water had been reached at the depth of 
60 feet at Yelling, a mile to the south of Qraveley. I thidk 

* From Tnrvey 8 miles W.N.W. from Bedford, on the western eonfines of 
Bedfordidure. 
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it is possible that the surface of the Oxford clay may sink down- 
wards in that direction, forming a shallow basin so as to hold up 
water in the base of the Boulder clay, which there seems to be 75 feet 
thick. There is at Yelling a natural chalybeate spring called 
•'Nill well," which rises at about 100 feet above Ordnance 
datum. 

I have hitherto been inclined to think that the Boulder clay 
of E!ast Anglia has been deposited from floating ice, having 
formed my opinion mainly from what I have seen in the contorted 
drift of the Norfolk cliffs. But the Boulder clay at Graveley has 
a different character ; and it is difficult to account for the rounded 
and scratched lumps of hardened chalk, of Eimmeridge shale, and 
other rocks impacted in it, except on the hypothesis that it has 
been shoved about in all directions in mass. The smallest en- 
closures bear scratches pointing in every direction upon their 
sarfaces. This is very noticeable on the scraps of Kimmeridge 
shale. 

A somewhat corroborative piece of evidence is that the 
Boulder clay reposed upon an indurated layer in the Oxford 
clay, the Boulder clay having apparently sheared off the softer 
clay till it was arrested by the harder rock. 
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On a Portable Oold-leaf Electrometer for Low or High JPoten- 
tiala, and its application to Measurements in Atmospheric ElectrwJty, 
By C. T. E. Wilson, M.A., F.R.S., Sidney Sussex College. 

[Read 30 October 1906.] 

The instrument has an outer earth-connected case and an 
inner insulated case supported on the neck of a small quartz 
Leyden jar, with the inner coat of which it is connected, the outer 
coat being connected to the outer case of the instrument. For 
ordinary use the inner case is charged to a positive potential of 
about 50 volts. The insulating power of the Leyden jar is very 
high, so that in spite of its comparatively small capacity (leas than 
100 cms.) the potential does not fall more than a small fraction of 
a volt in 24 hours. 

When the gold leaf is earthed its potential differs from that of 
the inner case by 50 volts, and is therefore in a deflected position. 
If we raise its potential the deflection will diminish (the charge of 
the inner case being positive), if we give it a negative potential 
the deflection will increase. If we adjust the observing microscope 
so that the gold leaf is near the centre of its micrometer scale 
when its potential is zero, the instrument is in condition to 
measure potentials in the neighbourhood of zero up to about 
5 volts positive or negative. For greater potentials tne leaf will 
be outside the field of view of the microscope; over the range 
available the scale is sensibly uniform. If the gold leaf be raised 
to a gradually increasing positive potential it will continually fall 
and will pass beyond the scale of the microscope when a potential 
of a few volts has been attained. When the potential has risen 
to 50 volts, that of the surrounding case, tne deflection is a 
minimum, and beyond this point it wiU again increase. The gold 
leaf will come into sight again in the microscope when the poten- 
tial reaches within a few volts of 100, and at 100 volts will De the 
same as for zero potential, the difference of potential between leaf 
and case being now the same as at first, the sign being, however, 
reversed. The instrument is then available over a second range 
of potentials, say frx>m + 95 to + 105 volt& The displaoament 
of the leaf for an increase of potential of one volt will be the 
same as in the neighbourhood of zero, the direction of the move- 
ment, however, bemg opposite. 
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The actual form of the instrument is shown in the figure, 
irhich is drawn approximately to scale. 



C^ 




The oater case is a short brass cylinder 4*6 cms. in diameter, 
the ends being cloeed by vertical glass plates ; the distance from 
back to front is 3 cms. The inner case is concentric with the 
outer, and is 2*5 cm& in diameter and 2'2 cms. from back to front 
The ends are agaio cloeed by glass plates. The glass plates of 
both inner and outer plates are silvered internally, a horizontal 
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strip of the silvering being, however, removed from each plate 
to enable the gold leaf to be seen. The inner case screws on to 
the top of a orass rod passing through the neck of the quartz 
Leyden jar and connected with its inner coat. The jar is eDcloeed 
in the hollow pedestal which supports the instrument. The top 
of the pedestat with the outer case of the electrometer which it 
supports, can be screwed off; and into a tube about 1 cm. wide 
projecting from the under side of this cx)ver a tube cemented 
round the base of the quartz tube slides stiffly. This admits of 
the inner case of the electrometer being adjusted to be concentric 
with the outer. 

The quartz bulb is rather less than 2 cms. in diameter, the 
tube 4 or 5 mm. in external diameter. The bulb and tube 
are silvered internally, contact beins; made between the inner 
coat and the brass rod by means of a strip of tinfoil gammed 
at the ends. The outer coat is of tinfoil. I have found such 
Leyden jars, which have an electrical capacity of from 50 to 
100 cms., extremely useful on account of their almost perfect 
insulation. The bulbs were obtained from Messns Bairid and 
Tatlock, and have been made with the blowpipe 

The gold leaf is about 1*1 cms. long and very narrow. That 
in use at the present time is about ^ of a mm. wide, but it is 
fairly easy to cut leaves of this length ^ ota mm. or less in width. 
The point of attachment of the leaf is a little to one side of the 
centre of the inner case, bein^ at the tip of a small projection on 
the supporting wire. This wire is about 1 mm. in diameter, the 
projection reaching a distance of about ^ a mm. from its surface. 
The wire passes through an aperture at the top of the inner case 
about 5 mm. in diameter, then through a quartz tube, by means 
of which it is insulated from the outer case ; it is attached to a 
brass terminal closing the top of this tube. The quartz tube fits 
into a short tube projecting from the bottom of the terminal, 
so that a very small quantity of cement (sealing-wax) is necessary 
to fix it tightly. It is also cemented about the middle of its 
length withm a hole through the flat end of a brass tube about 
1 cm. wide and 1 cm. long. This slides stiffly in a short tube at 
the top of the outer case of the electrometer. It is thus easy at 
any time to remove or replace the gold leaf. 

For the purpose of charging the inner case and Leyden jar 
a side tube is attached to the outer case ; into this is fixed a glass 
tube with a platinum wire sealed through its outer end and pro- 
jecting from its inner end to within a few mm. of the wall of the 
inner case. The inner case is then charged simplv by spib-king in 
from an electrophorus or electrified rod till the desired deflection 
Lb obtained with the gold leaf earthed. To another side tube a 
drying bottle may be attached. 



Mr Wilson, On a Portable Oold-leaf Electrometer, etc. 187 

Fitting tightly over the vertical tube attached to the top 
of the outer case of the electrometer is a brass tube 1*5 cm. wide 
in internal diameter and 6^ cms. long. On one side is attached a 
small tube containing an earthing rod for connecting at will the 
gold leaf terminal to earth. Opposite it is a wider tube con- 
taining a slidiug condenser to be described later. There is in 
addition a third side tube (not shown in the diagram) for the 
attachment of a drying bottle. In experiments on ionisation or 
radio-activity the testing vessel would be arranged to fix directly 
on to the top of the wide vertical tube, the testing electrode being 
screwed into the top of the terminal inside this tube. 

One of the annoyances attending the use of an ordinary gold 
leaf electroscope for measuring leaks is the difficulty of charging 
it op to the aesired initial potential. One of the uses of the 
sliding condenser mentioned above is to give complete control 
over the charging of the gold leaf system. This condenser con- 
sists of an inner rod fixed at right angles to the terminal of the 
gold leaf, ahd surrounding it a concentric tube which can slide 
parallel to its length to give variable capacity. The rod is about 
2} cms. long and its diameter is about 2^ mm. The tube has an 
internal diameter of about 6 mm. and has a range of movement 
of 3 cms. The tube is kept at a negative potential by being 
attached to the inner coat of a quartz I^yden jar like that already 
described. The displacement of the tube of the cylindrical con- 
denser can be read on a scale outside the wider tube in which the 
moving part slides. The condenser is charged by an ebonite rod 
through a platinum wire, the method being the same as that 
adopted for charging the inner case of the electrometer itself. 
The movement of the tube of the sliding condenser is limited by 
stops, so that when fully in or out its position is definite. For 
the purpose of charging the gold leaf system the condenser is 
used as a kind of electrophorus. The slider is pushed in, the 
gold leaf terminal earthed by the earthing rod, and the slider 
pulled out against its stops. The leaf is thus left with a positive 
chaige. It is convenient to give the condenser such a charge 
that the operation of making the earth connection when it is fuUy 
in and then drawing it out to its limit leaves the gold leaf at 
a convenient part of the field of view of the microscope, its poten- 
tial being the higher potential corresponding to this position, 
M. 106 volts if the inner case of the electrometer is at 50 volts. 
When this has once been done the operation of charging the gold 
leaf to this definite potential of, say, 105 volts may be repeated 
indefinitely, by simply pushing the condenser in up to its stops, 
earthing the gold leaf and pulling the condenser out to the ex- 
tremity of its range again. Thus in measuring the leak from an 
electrode initially at 105 volts the above operation would be 
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repeated between the successive observations. To charge to a 
low potential, say 5 volts, the slider would be moved in until the 
gold leaf had moved across in the n^^ative direction over the 
proper number of scale divisions, the earth connection would then 
DC made and the slider pulled fully out again. It is convenient 
to make the actual measurements always with the slider com- 
pletely out, as in this position the condenser tube ia too far 
removed from the rod to have anv influence upon its potential 
The gold leaf reading is then entirely uninfluenceid by any possible 
failure of the condenser insulation. 

The sliding condenser is also useful as a compensator. We 
may use it, for example, to measure charges too large to be 
directly measured by the displacement of the gold leaf. For we 
may alwavs proceed by sliding in the condenser (originally fully 
out) till the potential is reduced to zero. A reading of the scale 
attached to the slider will give us the charge, when the instra- 
ment has once been standardised, if the potential of the condenser 
tube be kept always the same. The charge acquired by the gold 
leaf system has in fact been compensated by that which has been 
abstracted into the rod of the coDdenser on account of increased 
capacity, the difference of potential remaining constant. The 
change of capacity per mm. is found to be sensibly constant over 
about 2 cms. of the scale, while if the condenser be moved further 
out it falls off very rapidly. 

The electrometer stands on a substantial iron base. On one 
of the three feet of this base is fixed an upright iron rod, to which 
is clamped a cradle which carries the microscope. 

The displacement of the gold leaf for a change of potential 
of one volt depends of course on the particular gold leaf used ; it 
amounts to about i\^ of a mm. per volt. With the magnifying 
power at present attached, 6 eye-piece scale divisions == 1 volt, 
but it would be easy to increase considerably the magnification. 
The capacity of the gold leaf and its connections does not much 
exceed 2 cms. 

The readiness of the instrument are very steady; owing, no 
doubt, to the double case there is apparently a complete absence 
of disturbances due to convection currents. The gold leaf takes 
up its position of equilibrium within a small fraction of a aeoond, 
so that very rapid potential changes can be followed. 

The zero remained steady when the instrument, mounted on 
a camera tripod, was tested in the open air in a fairly high wind*. 

* I have to thank the Cambridge Scientific Instnunent Go. for thair help 
in the constniotion of the instrument. 
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Application of the Instrument to Measurements in Atmospheric 

Electricity, 

Let us fix a horizontal conducting plate, a few square cms. in 
area» by means of a vertical rod to tne terminal of the electro- 
met<3r. Let it be surrounded by a considerably large plate lyins 
in the same plane and forming a guard ring for it. On this guard 
plate place a conducting cover, of which the roof is some cms. 
above the flat plate. Let the electrometer be momentarily earthed 
by means of tne earthing rod and let the cover be then removed. 
If this operation has been performed in an open field, the electro- 
meter will, under normal fine weather conditions, have its potential 
copsiderably raised, and the gold leaf will go out of the field of 
view. The potential can be at once brought back to zero by 
sliding in the tube of the condenser as described above. The 
testing plate being now at zero potential, the charge on its ex- 
posed surface is the same as if it were earth connected. This 
charge is given at once by the reading of the sliding condenser 
if it has been previously standardised. The charc^e per unit area 
of the plate will be proportional to the strength of the earth's 
field. 

Let us maintain the potential at zero for some minutes, com- 
pensating for any change in the earth's field by the proper move- 
ment of the slider. Then let us replace the cover and draw out 
the condenser tube to its standard position. The rise of potential 
indicated by the gold leaf multiplied by the capacity of the system 
gives the charge gained by the plate in a known number of 
minutes when kept at zero potential, that is, under the same con- 
ditions as when earth connected. 

We have thus obtained by these observations a measurement 
of the charge on our horizontal plate when earth connected and 
of the current through its surface. The ideal condition would 
of course be to have the plate on a level with the sur&ce of 
the ground. We would then have both the charge per unit 
area of the earth's surface » a (and therefore also the magnitude 
of the electric field » 4^(r) and also the vertical current per 
square cm. of the earth's surface at the place of observation. 

It should be noticed that the earth-air current, as obtained by 
the above method, includes not onlv the current carried by ions 
under the action of the electric field, but also any charge brought 
down by fEtlling dust particles or rain drops, but not by any current 
that might be carried by corpuscles with sufiicient penetrating 
power to traverse the testing plate unabsorbed. 
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A Series of Optically Active Nitrogen Compounds contaifdna 
the AUyl Group. By Miss M. B. Thomas, Girton College, and 
H. 0. Jones, M.A., Clare College. 

[Received 27 November 1905.] 

In an earlier communication (Proc. 1904, xiii. 33) an acscount 
was given of the preparation of some salts of substituted quater- 
nary ammonium bases and their resolution into their optically 
active coustituents, which was undertaken with the object of 
determining whether the relation between rotatory power and 
constitution would be more evident in the case of ions than 
it 18 in complete molecules. The salts then examined were those 
in which three of the hydrogen substituting groups were phenyl, 
methyl, and benzyl, the fourth atom of hydrogen bemg successively 
replaced by the isopropyl and isoamyl radicals. A comparison of 
the molecular rotatory powers of the basic ions with those obtained 
for the corresponding ethyl compound shows that a maximum is 
reached when the isopropyl group is substituted, the rotatory 
power of the ion containing this radical being greater than that 
of the ions containing the ethyl or isoamyl radicals. 

A more complete homologous series of five compounds has 
been prepared, each of which contains the radicals phenyl, methyl, 
and allyl, while the fourth ammonium hydrogen atom is replaced 
successively by the ethyl, propyl, isopropyl, isobutyl, and isoamyl 
radicals. 

The compounds have been resolved into their optically active 
components by the method of Pope and Peachey. The d.-camphor- 
sulpnonate or d.-brom.-camphor-sulphonate of the base is made hy 
the interaction of the quaternary substituted iodide with the 
silver salt of the acid in acetone or other suitable solvent, and 
the resulting salt is recrystallised until a constant rotatory power 
is obtained. A tabulated list of the results obtained is g^ven 
below. The values of the molecular rotatory power are for 
dilute aqueous solutions at IS'^C. ; the values for the ions all 
decrease slightly with increasing temperature. 
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Base 


M.P. of 
iodide 


Salt 
prepared 


M.P. of 
salt 


Solvent 


[M]d for 
Bait 


[M]d for 
basic ion 


Phenyl methyl 

allyl ethyl 

ammoniixm 


— 


d. brom 

camphor 

Bolphonate 


188-9^ C. 


acetone 


+ 29V 


+ 14° 


Phenyl methyl 
allyl propyl 


110° C. 


II 


169-170° C. 


II 


+ 881'6° 


+ 104-6° 


Phenyl methyl 

allyl iaopropyl 

ammoniam 


172*>C. 


d, camphor 
Bolphonate 


167-8° C. 


mixture 

acetone 

and toluene 


- 49-8° 


-102° 


Phenyl methyl 

allyl iaobutyl 

anunonium 


143^0. 


i» 


173° e. 


acetone 


- 6-26° 


-68° 


Phenyl methyl 

allyl isoamyl 

ammoDiam 


135*»C. 


II 


156° C. 


methylal 


+ 83 6° 


-18-2° 



The value of [M]d for the d.-brom.-camphor-8uIphonic ion 
has been taken as 277'', and that of the d.-camphor-sulphonic ion 
as 51•7^ 

In this, as in the benzyl series of compounds, there is a large 
increase in the molecular rotatory power of the basic ion when 
the isopropyl is substituted for the ethvl group. Here the vahies 
for the propyl and isopropyl compounds, though not identical, are 
very close together, while the substitution of the isobutyl and 
isoamyl radicals for propyl or isopropyl results in a lowering of 
the rotatory power. The rotatory powers are all less than that 
of the phenyUbeDzyl-methyl-allyl ammonium ion 166°. Other 
similar series of compounds are being investigated, in which the 
methyl group is replaced by ethyl anof isopropyl, in the hope that 
the same kind of relation may also be observed in these. 
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The Effect of Hydrogen on the Discharge o/* Electricity from 
Hot Platinum. By O. W. Richardson, M.A., Trinity College. 

[Bead 27 November 1905.] 

It has been known for some time that hydrogen has a very 
marked power of increasing the nerative ionisation from hot 
metals. The effect in the case of platinum has been investigsted 
in detail by H. A. Wilson*, who came to the conclusion that the 
increase was due to the hydrogen dissolved in the metal. The 
present paper is a preliminary account of experiments made to 
shed further light on the matter. 

The method adopted was to measure the saturation cnrreDt 
from the outside of a hot platinum tube to a surrounding cylinder 
in air, both when hydrogen was diffusing through the tube from 
inside and when it was not. The surrounding air would of course 
oxidise the hydrogen as fast as it came out, and thus keep the 
surface in a constant state, so that presumably any change in the 
leak would be due to the hydrogen, and not to a change in the 
platinum surface. 

Even when hydrogen was allowed to diffuse through the tube 
at a rate equal to 2 c.c. at 76 cms. pressure per sq. cm. of surface 
per minute, not the slightest change could be detected in the 
value of the negative leak. This result points strongly to the 
conclusion that the increase in the ionisation observed in an atmo- 
sphere of hydrogen is not due to the presence of the hydro^ren in 
the metal as hydrogen^ but to some iteration it produces in the 
superficial regions of the metal. 

Two experiments which support this conclusion may be cited. 
As is well known, a platinum wire which has been heated for 
a long time in oxygen gives small but definite ionisations both 
positive and negative. On replacing the oxygen round snch a 
wire by hydrogen the writer found that, though the positive 
ionisation was increased somewhat at first, it soon beran to fidl, 
whilst the negative leak increased simultaneously, ^th these 
effects seemed far too slow to be accounted for by the rate at 
which hydrogen entered the wire (which was only 1 mm. thick), 
though that explanation is not excluded with absolute oertaintjr. 

Tne other experiment consisted in putting a big n^;ative 
potential on the wire just mentioned. This was found to rapidly 

* Phil Trant, A, Vol. ooxi. p. 348. 
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bring down the leak in hydrogen to a small value. If the nega- 
tive potential on the wire was now reduced it recovered its 
ionising power, slowly at first and then more rapidly, until it 
settled down to a steady value. Charging the wire positively 
did not appear to reduce its ionising power. 

These results certainly seem to indicate that the hydrogen 
acts by producing a change in the wire, which takes a long time 
to complete itself. They appear to be capable of explanation 
if we assume that the positively charged hydrogen forms a double 
layer at the surfietce of the platinum which helps the corpuscles 
out. Further experiments are in progress, which, it is hoped, will 
decide whether or not this is the correct explanation. 

Experiments were also made with the platinum tube described 
above to see whether the diffusion of hydrogen through the tube 
had any effect on the positive ionisation produced by the outer 
surface. The hydrogen was found to increase the positive leak at 
all the temperatures tried, the reUtive increase being greater the 
higher the temperature. At 1200''C. the ratio of the leak with 
hydrogen at atmospheric pressure to that with air inside the tube 
was very nearly 2'2. At constant temperature the increase in 
the leak was found to be proportional to the square root of the 
pressure of the hydrogen inside the tube, i.e. directly proportional 
to the amount of hydrogen diffusing through. The effect of the 
hydrogen diffusing out of the metal on the positive leak offers, 
therefore, a very marked contrast to its effect on the negative 
leak. 

These results tend to indicate that the hydrogen inside the 
metal, which is known from other considerations to be in the 
atomic state, is positively charged. Only a small fraction (10~~^) 
of the hydrogen comes out in the ionic form, but we might expect 
most of it to be discharged in escaping from the metal In any 
case, charged hydrogen would have much greater diflBculty in 
escaping from a metal at lower temperatures, which may account 
for tne hydrogen set free from palladium not being ionised. These 
considerations are also in agreement with the fact that electrolytic 
hydrogen, which is positively charged, is capable of diffusing into 
some metals — for instance, iron — at ordinary temperatures. 
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Experi^nents on the retention of an electric charge by gases. 
By W. A. Douglas Rudge, M.A., St Johns College. 

[Bead 27 November 1905.] 

If an ordinary vacuum tube or incandescent lamp is partially 
coated with tinfoil, it will act as a condenser, the tinfoil acting as 
one conductor, and the residual air in the tube as the other. 

In the following account of the experiments the apparatus 
used will be generally referred to as the condenser. 

The experimental condenser was made by partially ooatiiig 
a Wurtz distillation flask with tinfoil, and closing the mouth with 
an india-rubber stopper, through which passed a short wire having 
a knob at one end. See Fig. 1. The flask could be conveniently 




Fio. 1. 



exhausted by the side tube. When this was done, and the knob 
brought near one of the terminals of a Wimshurst machine, the 
condenser could be charged and discharffed in the ordinary way, 
a bright spark passing on discharge and a glow filling the tube 
just for a moment. The air in the flask at a pressure of about 
1 cm. acts aa a conductor, so that, on bringing a wire from the 
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tinfoil to the knob, the condenser can be discharged. While an 
unexhausted vessel does not act as a condenser (any slight charge 
upon the knob being removed by earthing) it was found that if 
exhausted after charging, a discharge could be obtained. The 
knob of the unexhausted condenser was put in connection with 
the Wimsburst for a few seconds, then earthed to remove any free 
charge. It was then rapidly exhausted to about \ cm. pressure, 
and on joining the tinfoil to the knob, a discharge almost as strong 
as though the vessel had been exhausted at first was obtaineoL 
Several residual discharges could be obtained. 

If the pressure were not rapidly reduced, the charge leaked 
away, but with large condensers, and by working in a very dry 
room, a discharge could be obtained after many hours. If the vessel 
was exhausted before charging, then the charge has remained 
more than twelve hours. 

Since a vacuum would thus act as a conductor, it was thought 
that a condenser might be constructed without any metallic 




i 
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ooatingB. This was realized by making a tube of the form of 
Fig. 2. The two chambers have no connection with each 
other, and could be exhausted simultaneously by one pump 
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or separately by two pumps. To use the apparatus, one of 
the electrodes A or B was put in connectiou with the earth, 
and the other presented to the Wimshurst. If the pressnre 
was below I cm., then, on bringing a wire connected with A 
nesr to ^, a bright spark passed, and both chambers were filled 
with a glow. "Residual' charges could be obtained as with 
an ordinary condenser. After the condenser has been charged, 
the air may be removed from it, fresh air admitted, then re- 
exhausted, repeating this time after time, discharnng by earthing 
the knob after each exhaustion, and still some slight charge wifi 
be left. An endeavour was made to ascertain whether Uie air 
itself inside the flash was charged, so with this object, the air on 
the way from the flash to the pump was made to pass through an 
insulated metal tube (which was sometimes packed with iron 
filings) connected to an electroscope, but no signs of electrificaticm 
resulted. Exploring electrodes were also inserted in the con- 
denser, without any definite result. The next essay was to find 
out whether the air removed fix>m the flask during exhaustion 

Zessed any conducting power, and for this purpose, it was 
rn through a glass tube containing two conductors separated 
a short distance, one being in connection with a charged electro- 
scope, the other in connection with the earth. Only a very slight 
leak of the charge from the electroscope was observed, so that the 
air had not become appreciably conducting, or rather, those por- 
tions removed did not possess conducting power. Experiments 
were undertaken with gases other than air, viz. hydrogen, oxygen, 
carbon-dioxide, carbon-monoxide, and sulphur-dioxide, when it was 
seen that with the exception of hvdrogen, the behaviour of the 
cases was similar to that of air. hydrogen acted somewhat dif- 
ferently from the rest, for the charge would not remain as long as 
with the other gases. 

Another set of experiments was conducted in a somewhat 
different manner. After placing the unexhausted condenser in 
connection with the Wimshurst, a wire was used to connect per- 
manently the knob and the tinfoil, and then the apparatas was 
exhausted. When the pressure fell to about 8 — 10 cm. a fidnt 
glow was seen to fill the bulb, and as the pressure was further 
reduced, occasional bright flashes were observed. The glowing 
effects lasted for quite a long time (several minutes), and if air 
were admitted to destroy the glow, it reappeared after reex- 
haustion, without any further charge being given to the apparatus. 
A curious effect followed the use of hydrogen, viz. it was diffi- 
cult to get the apparatus to work with air idfterwards. Until, 
in &ct, all traces of hydrogen had been removed by repeated 
exhaustions and fillings with air, the glow discharge could not be 
obtained. 
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Polarisaiion phenomena in the Eclipse 1905 August 30. By 
H. F. Nbwall, M.A., F.RS., Trinity College. 

[Bead 13 November 1905.] 

DescriptioDS and illustrations of the visual observations and 
photographic records obtained at Quelma in Algeria were given 
with a view of showing the kind of material collected for the 
detailed study of the phenomena. It was mentioned that the 
visual observations combined with the photographic records proved 
that the plane of polarization of the light diffused by the earth's 
atmosphere during the eclipse was very nearly horizontal. (This 
evidence conflicts with the conclusion of M. Salet, who observing 
at Bobertville, about 37 miles from Quelma, had found that the 
plane of atmospheric polarization was vertical.) Photographic 
records, obtained with a Savart polariscopic camera lor the 
purpose of quantitative measurements of the relative amounts 
of polarized and unpolarized light in the corona, showed that the 
polarized portion of the atmospheric light was equal in intensity 
to the radially polarized portion of the coronal light at a distance 
of about 1^ diameters from the sun's limb. Thus the phenomena 
of a radially polarized corona seen through a plane polarized 
atmosphere are somewhat complicated. The results obtained by 
photographing the corona through a large Nicol prism, which was 
set to transmit successively the vertical component and two 
components which were inclined on each side at 45'' to the vertical 
and conseauently perpendicular to one another, not only show the 
strong radial character of the polarization of the corona, but also 
seem to suggest that there is a selective action and that the 
prominent streamers of the corona are markedly polarized. A 
photograph taken with a new form of polarizing spectograph shows 
a very marked difference in the intensities of the tangential 
and radial components; but a curious feature in it Ls that the 
Fraunhofer lines are not detected in either spectrum, though th^ 
conditions are such as must be regarded as very favourable for 
their detection. Unfortunately a second photograph taken with 
an exposure six times as long for the sake of getting further 
information about more distant parts of the corona was spoilt by 
the admission of sunlight through the slit of the instrument after 
the total phase of the eclipse was passed. 
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The Effect of the Lunar Deflection of the Vertical on Laiihidi 
Observations. By B. CooKSON, M.A., Trinity College. 

[Received 30 November 1905.] 

The maximum tide-raising force of the moon on a point of the 
earth's surface amounts to about 1/8,500,000 of gravity at the 
point, and the maximum horizontal component of this force is 
nearly 1/12,000,000. Thus, owin&r to this force, the plumb line 
may be deviated through an angle of -^ IQr* x cosec 1'', that is, 
0"017, or say 0"02. The latitude of a point on the earth's surfcce 
is defined by the direction in space of the plumb line at the point, 
and the question arises whether it might not be possible to detect 
its deviation by examining some of the lai^e series of observations 
which have been made in recent years with the zenith telescope. 

Since the latitude is found from the meridional zenith-distances 
of stars, we require only the southward component of the moon's 
tide-raising force : its value is 

X = |^{ 8in2^co(^£cos2A 

— 006 2^ sin 2£ cos & 

+ sin2^(l-3 8in«S)} (1), 

M » mass of moon, 
E » mass of earth, 

a « earth's radius, 

D as distance between centres of earth and moon, 
^ ss latitude of place, 

£ » moon's declination, 

h » moon's hour-angle. 

For the present purpose we may take D as coDstsmt : we han 
then three terms, the first with a period of half a lunar day, op 
nearly 12*4 hours, the second with a period of one lunar day, and 
the third depending on the moon's declination. Now suppose 
that the latitude is found from the observed zenith HiRf^n f >f^ of 



where 
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g^roups of stars whose mean right ascensions and declinations are 
tti^» ^^. &C. We have 

^o+Ai^ = S, + 2ri + ij, 
^0 + As ^ = Sa + ^t + is , 

where 2^, Z, are the deviations of the plumb line at the sidereal 
times tti, Og; 4>n denotes the mean latitude, and Ai^, A,<^ the 
variation of latitude. In Kiistner's method of determining the 
aberration constant from latitude observations with a zenith 
telescope, four groups of stars are generally chosen at intervals 
of 6 hours, and two consecutive groups are observed on every 
observing night. The variation of latitude is eliminated by sub- 
tracting the equations given by the two groups, and we get four 
equations of the form 

or putting in the term depending on the correction to the adopted 
constant of aberration, 

= Sj - S, + jgr^ - ^, + (tti — Oj) AA + A - ^2. 

For most observatories in the northern hemisphere, we can 
neglect the second term in equation (1) for Z, since cos 2<^ is less 
than ^. The star fipx)ups are separated by half the period of the 
first term, so that Li — Z, has its maximum value, which is 

T -pjp 2 sin 2<^ cos* S cos 2A, 

where h is the moon's hour-angle at the sidereal time a|. The 

maximum value of this is 5 -«7s > which is about ,^ ^^ , or 0"*017, 

2 Ji/lr 12. lO" 

and the whole range of the deviation of the plumb line in the 

observed quantities is 0'^'034. This is a small quantity, but its 

determination does not seem impossible. The probable error of 

one determination of the latitude may be taken as ± 0^''12 : each 

group of stars contains as a rule 10 pairs of stars, and accordingly 

the probable error of the difference of two groups is 

± 0"-12 ^ = ± 0"054. 

vio 

The problem then is to determine the amplitude of an oscillation 
of known period from observations of which the probable error is 
about three times the quantity sought. 

Besides the moon's tide-raising force there is also the sun's, 
which is nearlv half that of the moon, and the effects of the two 
are superposed. But since, in KUstner's method, the observations 
are made symmetrically about midnight, i.e. one group is observed 

14—2 



200 Mr Cookson, The Effect of the Lunar Deflection, etc 

at the same interval before midnight as the other is after, it 
follows that the effect of the solar tide is the same on botk 
cproups : the solar terms, therefore, disappear from Li — L^ and the 
lunar terms alone are left. There is also an indirect lunar effect 
due to the direct attraction of the ocean tides ; this might be 
avoided by using only observations made at inland stations. Its 
amplitude at a station 100 km. frt>m the coast would be onlj 
about 0'''005, and its period is half a lunar day (see Darwin's 
Tides, 1901. p. 129). The range of the direct and the indirect 
effect, if they were in the same phase, might amount to 0'''04l It 
should, however, be pointed out that an amplitude of O'^'OIT corre- 
sponds to the case of a rigid eaith, and tnat in the case of the 
actual earth it must be less than this. 

To see whether such a lunar term exists I have examined 
the observations made at Philadelphia by Mr Doolittle between 
1898 (Sept. 6) and 1901 (Aug. SO). The mean right ascensioiis 
of the four star-groups are 6*3, 18''-8, 18''-4, and 22*-6 ; and the 
lunar term for the combinations l.-^n. and iv. — i. may be writ- 
ten 1-80 Z cos (2A + l"^-7), whilst for ii.— IIL and lu.— rv. it is 
1-80 Jrcos(2A- l^^-T). For a rigid earth E would be <y'-0085, but 
its value might be considerably modified at Philadelphia, which is 
near the coast, by indirect lunar effects. The observations were 
arranged (according to the value of the angle 2A ± 1*7) into six 
groups, each of 4 hours extent, and the means were taken. In 
all 1/3 complete observations were used involving about 3,300 
separate determinations of the latitude. The means are 

-0"014 +0"020 +0''044 +0"'0l6 +0"004 +0"'00o, 

or, subtracting O'^'OIS from each to make their sum sere, 
-0"027 +0"007 +0"031 +0"-003 -0"-009 -8^-OOa 

This appears to indicate an oscillation with a period of half % 
lunar day and a total rang^e of about 0"*05, its maximum value 
occurring 6* after the transit of the moon. It is worth remarkiog 
that high water of the Atlantic tide occurs 7* after the moons 
transit, but the amplitude of the oscillation found above, ii> 
0'''025, seems too large to be attributable to the direct attraction 
of the ocean tide. 

The observations then in Etistner's method are suitablj 
arranged to show a lunar inequality with a period of half a lunar 
day, but a considerably larger number of observations than the 
number here discussed is necessary to measure the direct efiect of 
the moon on the inclination of the vertical. 
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Suggestions for a theory of the Milky Way and the Clouds 
of Magellan. By Arthur R. Hinks, IlA., Trinity College. 

[Read 13 November 1905.] 

In the northern hemisphere the stars in general, the coarse 
closters, the gaseous nebulae, and especially the stars with bright 
line spectra of Pickering's type V, are concentrated upon the 

flane of the Milky Waj, while the spiral nebulae seem to avoid it. 
n the southern hemisphere the stars and coarse clusters, the 
gaseous nebulae, and the type V stars are concentrated in the 
Milky Way, and the greater Cloud of Magellan ; the nebulae 
which are presumably spiral — (photographic evidence of the 
structure has not yet been obtained) — tend to avoid the Milky 
Way, as in the North, but crowd into the greater cloud to meet 
those Milky Way constituents with which they are associated 
nowhere else. 

It is generally assumed that this fact is of the hij^hest signifi- 
cance, its significance depends, however, upon the view that may 
be taken of Herbert Spencer's proposition, enunciated in the year 
1858, that the stars and nebulae are so definitely separated that 
they must necessarily be complementary parts of one general 
scheme of creation. The basis of this proposition is evidently the 
assumption that the stars are symmetrically condensed upon the 
plane of the Milky Way, the spiral nebulae symmetrically con- 
densed about its poles. If that were so, it would be necessary to 
look for some separative influence which had driven those stars 
and nebulae apart^ except in one particular region of the sky ; and 
it would be natural to look in that exceptional region, the greater 
Magellanic cloud, for some hint as to the nature of the influence 
which there only had failed to operate. 

It appears, however, to the author, that the evidence is very 
&r from being so strong as to compel the adoption of this line of 
reasoning. 

The great masses of the fsdnter stars are disposed in the 
irregular out sharply bounded star clouds which correspond very 
closely to the visual form of the Milky Way, and evidently produce 
that form. 

The stars of the eleventh magnitude and brighter have little 
connection with the apparent structure of the Milky Way. On 
the whole they increase in numbers towards its plane, but their 
distribution in galactic longitude is far from uniform. A study of 
distribution chfurts such as those of Stratonoff {Publ. de VObserva- 
toire de Tachkent, 2 and 8) suggests rather that these stars are also 
arranged in clouds, of greater apparent extent than the Milky 
Way star douds, and probably nearer the Sun, but more or less in 
the same plane with them. 
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There are not yet available determinations of proper motion 
for stars fainter than 9^ niag. Stars which have appreciable 
proper motion are almost uniformly distributed over the sky, and 
show little or no tendency to aggregation on the plane of the 
Milky Way. These are, on the whole, the nearer stars. They may 
perhaps be considered as forming a star cloud of which the Sun is 
a member. 

The author would suggest that these facts of star distribution 
are consistent with the hypothesis that the stars are distributed in 
a series of more or less independent clouds roughly in one plana 
The cloud in which our Sun is situated would then supply the 
stars of sensible proper motion which are uniformly distributed; 
the neighbouring clouds would supply the bulk of the stars down 
to the eleventh magnitude, which are to a considerable extent 
distributed about centres in the galactic plane ; the more distant ] 
star clouds would make the Mnky Way proper as seen by the 
unaided eye. 

The smaller cloud of Magellan would on this hypothesis be one 
of the distant star clouds that happened to lie far oat of the 
general plane. The greater cloud of Magellan may perhaps be 
more properly considered a nebula and star cluster clond than 
a star cloud. 

The distribution of the nebulae (other than gaseous) may also 
be considered a cloud distribution. The most conspicuous nebula 
cloud in the northern sky has its centre not many degrees fr^m 
the pole of the galactic plane. But the centre is quite decidedly 
not at the pole, and the distribution is very far from being 
symmetrical about the pole. A second, less rich, cloud of nebulae 
in the northern hemisphere runs up to the borders of the Milky 
Way. 

In the southern hemisphere the distribution of nebulae is 
dominated by the greater Cloud of Magellan, which is &r richer in 
nebulae than any other part of the sky. The distribution of 
nebulae outside this cloud has no apparent relation to the southern 
galactic pole, but is in several large and not well-defined clouda 
It appears, in fact, that the idea that nebulae are oondensed about 
the poles of the Milky Way may be due to a fortuitous and not 
very close approximation of one nebula cloud to the place of the 
northern galactic pole. 

Unfortunately we have at present no knowled&;e whatever dL 
the distances or proper motions of the nebulae, and conclusions as 
to their distribution may be profoundly modified when the smaller 
nebulae which have recently been found in abundance on long 
exposure photographs are classified and catalogued, and when tfa« 
already known and catalogued nebulae of the southern sky aie 
classified photographically. It is here suggested that the distri- 
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\>ution of known nebulae may be best expressed thus : they are in 
clouds, which do not lie in the plane of the star clouds, but on the 
other hand, are not aggregatea towards the poles of that plane. 
In this view the greater cloud of Magellan is a cloud of peculiarly 
rich constitution, including numbers of Milky Way objects, star 
clusters, gaseous nebulae, and type V stars, as well as numbers 
of nebulae which are probably spiral and non-Milky Way objects 
(though of the spirality of any nebulae in this cloud there is no 
real proof) ; but there need be no reason to suppose that it has 
any special structural significance. 

This suggestion that the universe may consist of a number of 
star clouds more or less in one plane, and a number of nebula 
clouds out of the plane, is put forward merely as a working idea 
about which facts may be grouped with some convenience. If it 
has any advantage over the Spencerian view of the universe as 
one organic whole, it is this, that we are not concerned to devise 
an explanation of why stars and nebulae seem as a rule to avoid 
one another, for we do not admit that the avoidance is so marked 
as to make it probable that they are complementary members of 
one system. 

It should however be noticed that the statistical methods 
proper to the trial of the two hypotheses are totally different If 
the universe is to be discussed as one system, it is quite evident 
that the fundamental plane is the plane of the Milky Way, and 
that the general argument in statistical representations will be 
galactic latitude; galactic longitude will be of secondary im- 
portance, and has, in fact, in many investigations been almost 
disregarded. But as soon as we admit that the universe may 
consist of a number of more or less independent clouds, an 
attempt to find general laws with galactic latitude and longitude 
as arguments becomes worse than useless, for it probably will 
obscure the very discontinuities which are most significant. It 
will be necessary to present the facts,, not in the form of tables, 
but of charts ; and the data which are charted must not be 
smoothed, as has generally been done (notably in the distribution 
charts of Schiaparelli, Seeliger, and Stratonoff), for the irregulari- 
ties are probably all-important. 

The purpose of this note is therefore twofold : First, to suggest 
a working hypothesis which seems to have some advantages over 
that generally, though not perhaps always consciously, adopted in 
discussions of star and nebular distribution; and secondly, to point 
out that the statistics of the subject may be most conveniently 
presented in a form which has been comparatively little used, that 
of detailed distribution charts. 
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Preliminary Communication on the Life-History of Pleiato- 
phora periplanetae, LvAz and Splendore, By W. S. Ferrin, B.A^ 
QonvUle and Caius College. 

[Received 19 December 1905]. 

Pleiatophora periplanetae, Lutz and Splendore, is a Myxoepo- 
ridian parasitic in the Malpighian tubules and intestine of the 
common bakehouse cockroach Periplaneta orientalis. The spofes 
formed by this organism have apparently been seen by odier 
observers, who have, however, failed to refer them to their piop^ 
genus. Thus Schaudinn* (1902) describes the presence of the 
spores ''eines Nosema'' in the faeces of cockroaches examined 
by him, and Lutz and Splendore f (1903) mention the oocurrenoe 
of Myxosporidian spores in the Malpighian tubules and intestine 
of Brazilian cockroaches. These latter observers refer the spores 
to the genus Nosema and add the species name *^ periplaneiae,' 
The descriptions given by these authors of the spores the? 
describe, fit as far as they go the spores of the Pleistophora, whidi 
is the subject of this paper, and I have therefore thought it best 
to retain the specific name *' periplanetae*' while referring the 
parasite to its proper genus. 

Methods: For examination of the living parasite the Mal- 
pighian tubules were cut into small pieces and examined in 
normal salt solution. 

The parasite is very inactive and the life-history has been 
chiefly studied by the aid of stained preparations. Films were 
made of the chopped up Malpighian tuoules and either dried and 
stained with Qiemsa's modification of the Romanowsky-Nocht 
stain, or fixed by immersion in hot corrosive sublimate and alcohol, 
and then stained with Heidenhain's iron-haematoxylin or Dela- 
field's haematoxylin. The first method of staining is particularly 
effective for differentiating nuclei from protoplasm, nuclei staining 
red or violet and protoplasm blue. Sections were found to be 
practically useless. Every adult Periplaneta orientalis examined 
was found to be more or less infected, very young cockroaches 
still possessing the yellow colour characteristic of the newly- 
hatched cockroach alone being free from the parasite. 

Vegetative stages: The full-grown vegetative stage of the 
parasite is an amoebiform nucleated mass of protoplasm, which will 
be termed the trophozoite. The trophozoites vary from minute 
specks of protoplasm 2/i — 3/i in size with one nucleus, to multinu- 
cleated masses measuring in some cases 30/i by 55/i and containing 
60 or more nuclei. 

* Sohaudiun, F., Arehiv. fUr ProtUt. pp. 806—348. 

t Lotz and Splendore, C. B. Baku Pk. (1), Vol. zxuix. pp. 160—157. 
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The protoplasm of the trophozoite is frequently differentiated 
inta a denser, more deeply staining outer layer or ectosarc, and an 
internal non-fluid layer or endosarc. Pseudopodia occur frequently 
and are generally lobose, though elongated and pointed pseudo- 
podia are also found. The en£«arc may be hyaline or reticular 
in structure. Vacuoles of varying sizes are of frequent occurrence. 
Granules appear to be absent, but large mucoid looking inclusions 
are occasionally to be seen within tne trophozoite. In tropho- 
zoites stained with Qiemsa's eosin-azur mixture two kinds of nuclei 
are to be distinguished, one kind which stains bright red and 
another which stains a deep violet The nuclei staining deep 
violet are very compact and frequently contiguous to a small area 
of protoplasm stainmg bright blue. The nuclei which stain bright 
red aie generally reticular in structure although occasionally com- 
pact. With Delafield's haematoxyliu the violet nuclei stain very 
mtensely. 

Two methods of reproduction can be distinguished in Pleisto- 
phora periplanetae, one subserving auto-infection, and one resulting 
m the production of coated spores, which gain the exterior per anum 
and presumably infect fresh hosts. 

AuiO'infective methods of Reproduction: Multiplication of the 
parasite within the host may be effected apparently in four ways : 
(1) the young uninucleated trophozoite may divide amitotically 
into two. (2) The nuclei of a young trophozoite, may multiply ami- 
totically and proceed to the periphery of the cell, where the proto- 
plasm rounds itself off about each nucleus, the trophozoite finally 
breaking up into a number of uninucleated spores. This method 
of reproduction recalls the schizogony of the Telosporidia. (3) A 
multinucleated trophozoite may divide into two by a process of 
simple fission. (4) Portions of a large multinucleated trophozoite 
may separate themselves from the parent cell and begin an inde- 
pendent existence. The fragments budded off may have one or 
several nuclei, but a trophozoite does not appear to produce buds 
with one and many nuclei at the same time. Doflein describes 
a similar process of fragmentation in Olugea lophii, and terms it 
plasmotomy. Division of a trophozoite into two pieces, %,e. ordi- 
nary binary fission he terms simple, division into more than two 
fragments, multiple plasmotomy. The production of uninucleated 
spores from a trophozoite by budding does not appear to have 
been hitherto recorded among the Myxosporidia. 

Spore formation: All the above methods of reproduction sub- 
serve auto-infection, but resting spores are also produced, which 
presumably brin^ about the infection of fi-esh hosts. Among the 
Myxosporidia it is usual, as a preliminary to sporulation, for the 
trophozoite to produce a number of internal buds, which give rise 
to a varying number of spores, the production of spores continuing 
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within the trophozoite without any cessation of activity or growth. 
These internal buds have been styled by Qurley pansporoblasts. 
In Pleistophora perivlanetae, however, no such production of pan- 
sporoblasts takes place. The whole of the trophozoite simply 
withdraws its pseudopodia, rounds itself o6f and makes sporesi 
As, however, the classification of the Myxosporidia is largely based 
upon the features exhibited by the pansporoblast, the number of 
spores it produces, etc., it seems advisable to regard the tropho- 
zoite of Pleistophora periplanetae as producing one pansporoblast, 
although the point at which trophozoite ceases to be trophozoite 
and becomes pausporoblast may not be easy to define. The 
first stage then of sporulation consists in the rounding off of the 
trophozoite to form a pansporoblast, which is usually more or 
less oval and almost completely filled with developing spores. 
The spores are developed from oval masses of protoplasm, the 
sporoblasts, which rather exceed in size the spores into which they 
are transformed. In stained preparations each sporoblast appeals 
to lie in a vacuole. This vacuole is not, however, evident in the 
living cell, and is probably an artifact produced by shrinks^ of 
the protoplasm during preparation. Each sporoblast contains a 
nucleus, which is at first reticular, and stains bright red with 
Giemsa's eosin-azur mixture. The interstices between the de- 
veloping sporoblasts are filled up with protoplasm and nuclei, both 
of which Ultimately disappear. 

The nucleus of the sporoblast undergoes various changes 
which will be described with figures in the full paper, and the 
sporoblast surrounds itself with a coat of a highly resistant 
nature. The presence of this coat makes staining the spore 
very difficult. In its final form as found in the faeces of the cock- 
roach, the spore is a flat oblong structure rounded at both ends, 
and varying from 5fjL — 6/i in length, and 2*5 — 3/i in breadth. In 
the living state the sporoplasm is finely granular and contains at 
one end a small highly refractive globule. The relation of the polar 
capsule, which is almost certainly present, to this globule baa not 
been determined. Application of the usual reagents ether, con- 
centrated sulphuric, nitric and hydrochloric acids, glycerin, iodine 
and boiling water, etc., has hitherto failed to procure extrusion of 
the filament of the capsule. The spore coat is apparently un- 
affected by the above reagents and also by eau de Javelle. 

Attempts to produce the emergence of the sporoplasm by 
treating the faeces with the digestive juices and contents of the 
alimentary canal of other cockroaches have been unsuccessful. 

With the above facts of the life-history of Pleistophora peri- 
ptanetm to hand it is possible to classify the parasite accurately. 
From the minuteness of the spores, the fact that the pansporo- 
blast produces more than two spores, and the invisibility of the 
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polar capsule in the fresh state, the parasite belong to the sub- 
order Cryptocystes of the Myxosporidia and family Glugeidae, 
^which possess the characters of the sub-order. It belongs to the 
sub-order Cryptocystes Myxosporidia and family Glugeidae, which 
possesses the characters of the sub-order. It belongs to the 
section Oligosporogenea (Doflein), because the trophozoite pro- 
duces a single pansporoblast, and the production of numerous 
spores by the pansporoblast relegates it to the genus Pleistophora, 
It is this formation by the tropnozoite of a single pansporoblast, 
iwhich removes the parasite from the genus Nosema, section Poly- 

?>orogonea, to the eenus Pleistophora^ section Oligosporogenea. 
o sum up, the classification of the parasite is as follows : — 

Class. Sporozoa. 

Sub-class. Neosporidia. 

Order. Myxosporidia. 

Sub-order. Cryptocystes. 

Family. Glugeidae. 

Section. Oligosporogenea. 

Genus. Pleistophora, 

Species. Periplanetae, 
There are several points of interest offered by the above scat- 
tered details of the life-history of Pleistophora periplanetae, both 
with respect to the Sporozoa in general and the Myxosporidia in 
particular. In the first place it is seen that there are two very 
definite phases, a trophic phase characterised by almost excessive 
multiplication with a view to auto-infection, and a propagative 
phase, characterised by a cessation of trophic activity and the 
formation of resting spores. In this sharp division of the life 
cycle into schizo^onous and sporogonous phases Pleistophora peri- 
pUinetas resembles Thelohania millleri described by Stempell. 
The occurrence of sporulation at the end of the trophic phase is 
a feature which by no means agrees with Schaudinn's division of 
the Sporozoa into Telosporidia, i.e. Sporozoa in which spore forma- 
tion occurs at the end of the trophic phase, and Neosporidia, 
which includes the Mvxosporidia, in which spore formation occurs 
daring the trophic phase. As far as the point in the life-history, 
at which spore formation occurs, is concerned, Pleistophora peri- 
planetae is in exactly the same position as a Haemosporidian 
or a Coccidian. In each case a trophic phase characterised by 
vigorous multiplication is succeeded Dy a resting phase character- 
ised by the production of resting sporea As Stempell remarks, 
Schaudinn's grouping of the Myxosporidia and the Sarcosporidia 
together in a sub-class separate from the rest of the Sporozoa is 
probably well grounded, but the difference between the two sub- 
classes must be expressed in other terms than the period of the 
life-history at which sporulation occurs. Another point of interest 
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in the life-history of PleieU^phora periphnetae is afforded by the 
existence of residuary nuclei and protoplasm, which die off while 
sporulation is taking place. The meaning and homolosies of these 
nuclei and accompanying protoplasm are obscure. The sabjeefc 
will be more discussed in the full paper. 



Note on a hitherto undescribed parasite (t) of PeriplaneU 
orientalis. 

In the course of this research certain peculiar structures, which 
occurred in many of the stained preparations of the Malpigfaian 
tubules, attracted attention. They resemble the trophozoites and 
spores of Pleistophora periplanetae but are smaller in size. Thej 
stain in a similar manner with the same reagents. The structiue 
of the trophozoites is however more delicate than that of the 
trophozoites of the Pleistophora\ the nuclei are also smaller and 
more compact. The spores in the fresh state are highly refringent^ 
resembling the spores of the Pleistophora in this respect. Thej 
are, however, much smaller, measuring not more than 1/t — S/i io 
length, and about *5/i in breadth, instead of 5'5/i x 3^ as in 
Pleistophora periplanetae. In two cases the chylific ventricle was 
crowded with these bodies. They do not appear to belong to the 
life-cycle of the Pleistophora, and it seems probable that uiey are 
the trophozoites and spores of a new Myxosporidian parasite. Thej 
stand however in need of further investigation. 
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ContribuUone to the Knowledge of the Tetrasoline Oroup. By 
S. RuHEMAMM, M.A., Oonville and Caius College, and B. W. 
Mkbrihan, B.A. 

[Bead 27 November 1905.] 

BUHSMANN and Stapleton {Trans. Chem, Soc., 1899, 75» 1131 ; 
1902, 81, 261) showed that the properties of tetrazoline, 

.N-NH> 



OHC iCH, 



^NH-N 

differ most markedly from those of its N-aryl derivatives (see 
Ruhemann, TroM. Chem. 8oc,, 1899, 55, 242; 1890, 57, 50V 
Of especial interest is the beliaviour of methyl iodide towaros 
tetrazoline, which, as previously {loc, cit) stated, furnishes two 
compounds, one of them being dark blue, the other colourless. 
From the analytical results the composition CtH9N4lt had been 
deduced for the former, and CtH7N4l for the colourless substance. 
We now find that the blue iodide contains two atoms of hydrogen 
leas and therefore corresponds to CtH,N4lt, because it is formed 
directly frt>m the colourless compound by its union with iodine. 
On further examination of the substance CaH7N4lt we have been 
sinick by its resemblance to the periodide of diazobenzene chloride. 
This fact points to analogous formulae, and leads to the view that 
the iodide OtH,N4l should be represented thus 

NH< >N, CH,I, 

and that the analogous formula has to be assigned to the additive 
product C!tH,N4l9. According to this view, which agrees with the 
oehaviour of the iodides, these compounds would appear as 
derivatives of a dihydrotetrazine, 

>0H, 

isomeric with bisdiazomethane and tetrazoline. 

Hantzsch and Silberrad {Ber. 1900, 33, 58) have shown that 
bisdiazomethane under the influence of hvdrochloric acid, changes 
to tetrazoline. This transformation may be assumed to take place 
thus: 

^N:N^ ^NH.N^ ^NH-N^ 






Tetrazoline 
and t6 be preceded by the formation of the dihydrotetrazine, 
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which we regard as the parent substance of the compounds 
C,H7N4l and C,H,N4l,. The formation of these iodides, there- 
fore, is due to a regressive change of tetrazoline. 

This view is supported by the behaviour of aldehydes towards 
tetrazoline. Under the influence of piperidine as a catalytic 
agent, a condensation takes place which is to be represented bj 
the equation: 

C^H^N^ + R . CHO = H,0 + C,H,N4 : CH . R. 

The substances which are thus produced must be represented 
by the general formula 



R.CH.C^ 



^NH-ir' 



and their formation necessitates the isomerisation of tetrazoline 
We have applied this reaction to a number of aldehydes. The 
condensation products readily dissolve in mineral acids, although, 
thus, partial decomposition takes place, yet these solutions yield 
with platinic chloride, normal salts having the general formula 

(C,H,N4 : CH . R)„ H,PtCl«. 

The hydrolysis of the compounds which are formed by the 
action of aldehydes on tetrazoline, is completed on boiling their 
solutions in hydrochloric acid for a short time ; the base, however, 
which is produced along with the aldehyde, is not the dihydro- 
tetrazine 

OH.<r ^CH, 

but tetrazoline. It, therefore, follows that the hydrolysis is 
accompanied by the isomerisation of the base to tetrazoline. 

Ruhemaun and Stapleton had previously {loc, cit) stated that 
tetrazoline forms with platinic chloride the sparingly soluble, 
canary-yellow compound (C,H4N4)„ PtCl4. We now find that 
the base as well as its hydrochloride, after crystallisation firom 
alcohol, yield a very soluble normal platinichloride 

(CH4N4)., H,PtCl., 

but that the insoluble additive product is formed firom the 
hydrochloride before re-crystallisation from alcohol. From this 
fact it follows that the hydrochloride exists in two tautomeric 
forms : 

/N = CHv /N = OHv 

NHC >NH,H01 and NH< >N, HCl. 

\3R = W \)B[,-ir 
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This explanation of the phenomenon is supported by the fact that 
the alcoholic mother liquor of the crystals of tetrazoline hydro- 
chloride yields the yellow additive compound, and that aqueous 
solutions of the normal platinichloride slowly deposit the insoluble 
substance (C,H4N4)b, PtCU. 

We have bemn already to study, on similar lines, dimethyl- 
tetrazoline which is formed by the action of heat on mono- 
acetylhydrazine (see Pellizzari, Atti R. Acoad, Lincei, 1899 [v], 
8, 327). The properties of this base di£fer in many respects from 
tetrazoline; whilst the latter yields with mercuric chloride the 
compound 2C,H4N4, SHgCli, dimethyltetrazoline forms with the 
metallic chloride the additive produ(;t C4H8N4, HgClf. Aldehydes 
which so readily condense with tetrazoline, have no action on 
dimethyltetrazoline. On the other hand, platiuic chloride yields 
with dimethyltetrazoline a very soluble normal platinichloride 
(C4HSN4),, H,PtCl«; its aqueous solution, on standinjjr, slowly 
deposits a yellow solid which has the composition (C4HSN4),, PtCU 
and, thererore, is analogous to the additive product of the metallic 
chloride with tetrazoline.. Methyl iodide, also, seems to react with 
dinaethyltetrazoline in a similar manner as with tetrazoline, and 
yields a substance, crystallising in brown needles, which resembles 
in properties the compound CtH7N4l,. 

We are engaged in the further study of this substance and in 
examining the action of aldehydes on bisdiazometbane and allied 
heterocycTic compounds. 
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Some ewperiments on Canal-StrcJden, By J. J. Thomsoh, 
M.A., F.XV.S. 

[Mead 27 November 1905.] 



OOLDSTEIN discovered that when the electric discharge ^ 
through an exhausted tube having a perforated cathode, Tuminoas 
rays streaming through the perforations can be observed behind 
the cathode. These rays are deflected by a magnetic field to a 
small, but only vei^ small, extent and have been shown by W. Wien 
to consist of positively charged ions whose mass is never less than 
that of a hydrogen atom and is often considerably greater. 
Similar streams of ions impinge against the cathode itself and 
in modem theories of electric discharge through sases play an 
important part in the mechanism of the electnc oischaige, thus 
in my book on the Electric Discharge through Oases, I have 
supposed that it is by the impact of these positive ions on the 
cathode, that the cathode raj's originate. Again, we know that 
the cathode disintegrates and the question arises whether this 
is not due to the impact of the positive ions. The question of 
ionization by the impact of positive ions against the molecules 
of a gas, and the nature of the spectra produced by such impacts 
can also be conveniently studied by means of canal-strahlen : for 
these reasons I have made a series of experiments on these rays 
using a discharge tube of the kind represented in Fig. 1. 

The cathode (7 is a large disc nearly filling the tube, with a 
hole in the middle opening on to a metal tube ; the canal-strahlen 
pass through this tube on their way to strike against the metal 
plate M at the end of the discharge tube. A wire soldered to this 
plate passes out from the discharge tube and allows the plate to 
oe charged positively or negatively. 

The discharge was produced by a large induction coil, and to 
prevent cathode rays coming down the tube from the reversal of 
the discharge, a strong transverse magnetic field was applied to 
the portion jB of the tube, so as to drive any cathode rays against 
the walls of the tube and prevent them from reaching the metal 
plate. The experiments were also repeated with a laige 
Wimshurst machine in place of the induction-coil, the resum 
were the same in the two casea 

When the canal-strahlen strike against a solid they cause it to 
emit cathode rays moving with small velocitiea This can easily 
be shown by charging the metal plate, against which the canal- 
strahlen impinge negatively, to a potential of say 80 volts, then 
from the part of the plate struck by the canal-strahlen a pencil 
of feebly luminous rays can be seen, the appearance being like 
that shown in Fig. 2 ; these rays are easily deflected by a ma^et 
in the direction indicating a negative change. That their initial 
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velocity is very small, is shown by the &^t that they are 
completely stopped when the metal plate is charged to a small 
positive potential. 

Secondary ionization is produced in the path of the canal- 
strahlen. If the metal plate is charged positively, the boundary 
of the canal-strahlen becomes fluffy and bends towards the 
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Fig. 8. 



Fig. 1. 



Fig. a. 



positive plate, as in Fig. 3, showing that negative corpuscles 
are present ; the fluffy boundary is very susceptible to ma^etic 
force. These negative ions come out of the beam of the 
canal-strahlen, which thus ionize the gas. The a particles 
emitted by radium may be regarded as canal-strahlen of very 
great velocity, enormously greater than the velocity of those 
produced in a discharge tube. Now Rutherford has shown that 
when the a particles, by passing through a gas or thin sheet of 
metal, have lost about 18 7o of their original velocity, they 
suddenly lose their power of ionization, yet this reduced velocity is 
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enormously greater than the velocity of the canal-strahlen wfaidi 
we have seen possess the power of ionization. The most probaUe 
explanation of this difference seems to me to be, that when the 
velocity of the a particles sinks below a certain value, it will hold 
fast to a corpuscle against which it may come in collision, and 
thus have its positive charge neutralized and become an im- 
charged atom. If v is the relative velocity of the a particle and 
a corpuscle at collision, when r is the distance between the 
corpuscle and the particle, m the mass, e the charge on the 
corpuscle, we can easily prove that the corpuscle will stick to the 
particle if 

mt^< — , 
r 

while the particle will escape if 

r 

To find the smallest velocity to enable an a particle to eflcape, 
let us give to r the conventional value for the radius of an atom, 
10~" cuL/sea, we have also in electrostatic measure 

e/m^SxKF and e = 8-5xlO-^ 

hence i;ssl'4x 10" cm.ysec. will be the smallest velocity an a 
particle can possess if it is to retain a positive charge. We need 
not attach importance to the fact that the limiting value of « 
found by Rutherford is considerably greater than this, for the 
value assumed for r has no claim to accuracy. In the case ot 
the a particles the proportion of corpuscles to positive ions is 
very much greater than in that of the canal-strahlen, so that 
neutralization is more likely to occur in the former than in the 
latter case. 

The canal-strahlen disintegrate a metal plate against which 
they strike, for after a long continued bombardment of the 
metal plate the walls of the tube in the neighbourhood of the 
plate are found to be covered with a deposit of the metal. 

When the canal-strahlen impinge on a salt of sodium, the salt 
gives out yellow lieht in which the D line is very bright, it is 
remarkable that this line is not given out when canaf-strahlen 
impinge on the metal sodium itself, a mirror of sodium with 
specks of oxide on it presents a beautiful appearance wh^ 
struck by these rays, the spots of oxide shine out Dri^htly with a 
greenish yellow light, while the sur&ce of the metal itseu seems 
quite dull if no external light falls upon it. 

I have much pleasure in thanking my assistant, Mr Everett, 
for the help he has given me with these experiments. 
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On the Iiikeritcmce of Coai-colour in Rata. By L. Doncasteb, 
M.A., King's College. 

[Received 29 November 1905.] 

In July, 1903, I bejgan breeding-experiments with the various 
colour-varieties of the Common Rat, with the intention of working 
out the laws of their inheritance. At that time Cudnot's later 
papers on Mice had not yet appeared, and my chief object was to 
uivestigate the " resolution " which appeared to take place when 
the wild brown . rat is crossed with the albino. In the wild 
brown (or grey) rat there are three pigments, black, brown, 
and yellow, as there are in the common mouse ; but among the 
descendants of a wild rat crossed with an albino, black ammals 
oontaining no yellow pigment commonly appear*. The chief 
object with which I began the work was to determine if possible 
how this suppression of the yellow took place, and why the 
corresponding disappearance of black, which occurs in mice, is not 
found in rats. 

The colour varieties of rats have been described and classified 
by Crampef, and again by Bateson (lac. cit p. 78). They are 
much simpler than m mice, so that a rat which does not &11 
unmistakeably into one of Crampe's seven categories is extremely 
rare. In colour all the rats which I have brea have been either 
brown (wild colour), black, or albino. The brown rat is darkest 
along the back, has a considerable number of hairs with yellow 
tips on the sides, and is pale grey below. The black is full black 
everywhere when the animal is young, but as it grows older, 
especially when moulting, it tends to a chocolate-brown tint on 
the sides and ventral surSetce, but has no trace of yellow. The 
albino is quite white when young, but inclines to a cream tinge 
when older. Albinos have pink eyes, coloured rats black. Both 
the brown and black rat may be quite without white except 
on the toes, which are never pigmented (Crampe's types 1 
and 7), they may have a patch of white of varying size on the 
chest and belly (types 2 and 6), or they may have a coloured 
"hood" and stripe along the back, the rest being white (types 3 
and 5). Crampe's t^pe 4 is the albino. Types 2 and 6 vary 
within rather wide limits ; the white mark on the chest may be 
limited to a few hairs, or it may extend into a broad white ventral 
snrfisu^, sometimes spreading slightly out to the flanks. The tail 

* The distribntioii of the pigments in the hairs I find to be identical with that 
deeoribed 1^ Bateson in Mice (P. Z. S, 1908, n. p. 72); the black rat differs from 
the brown in the absence of yellow pigment. 

t **Kr6unngen swisohen Wandemtten," Landwirth. Jahrb. ti. 1S77, p. 8S4; 
zn. 1888, p. 889 ; xm. 1884, p. 693. Also ** Die Oesetze der Yererbang der Farbe," 
iMd, xrr. 1885, p. 689. 

15—2 
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usually has a colourless tip of varying length, and at least the 
lower part of the fore limb is usually white. Type 6 (black 
colour) is known in the fancy as " Irish " ; a good Irish has only 
a small white patch on the breast. Tjrpes 3 and 5 have the head 
and neck coloured, and the pigmented hairs mav extend on to the 
fore limb. There is almost always a colourea stripe along the 
middle of the back from the hood to the tail ; the ventral surface, 
sides, and limbs are white. The back stripe varies considerably; 
it may be broad, sometimes spreading out irregularly, it may be 
narrow and even, and in other cases it is broken into a series of spots. 
Very rarely it is quite absent. When the white patch of types 2 or 6 
is very large, the animal wproaches the darkest form of types S 
and 5, but only once have I had any hesitation in classing a rat as 
belonging to one or the other. 

" firolen-marked " rats (i,e. irregularly piebald) do occur in 
rare instances, but none have appeared in my experiments, nor 
has there been any departure from the pigmentation described. 

It will be seen that pigment distribution in rats is much 
simpler than in mice, since there are only two colour-types, and 
two patterns in the coloured-and-white individuals ; the complica- 
tions which arise in mice are therefore absent, and the sdieme 
of inheritance much simpler. From the practical point of view 
this simplicity is counterbalanced hy severed disadvantagea Sato 
breed much more slowly than mice, and take much longer to 
reach maturity; in my experience they do not often begin to 
breed when younger than three months. The doe may take the buck 
immediately after a litter is bom, but commonly jroung appear at 
intervals of six weeks or two months, often considerably longer. 
It therefore takes a long time to rear a sufficient number of young 
&t>m any one pair. They are also very liable to disease, especially 
of the lungs ; if this is to be avoid^ they require rather laige 
cages and Sequent cleaning. Hence they take up a great amount 
of space, and my work has been delayed owing to want of room in 
which to rear many families simultaneously. The does do not 
often eat or desert their young, though this happens occasionally, 
but on the whole the infant mortality is very small. 

The most important work on colour-inheritance of rats is that 
of Crampe (loc. cU,). His papers were written long before the 
re-discovery of Mendel's work, and are often very obscure, but the 
following facts can be made out clearly from his resulta Brown 
(firrey) is uniformly dominant over black, and both brown and 
black over albino. The self-coloured varieties, and those poasesB- 
ing small white areas on the lower surface (Nos. I, 2, 6, 7) are 
dominant over the coloured-and-white types (Nos. S and 5). Ail 
seven varieties can probably be obtained pure by continued 
selection, but this is much moie easily effected with the more 
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recessive forms (3 and 5) than with the dominants (1, 2, 6, 7). 
Albinos bred together gave only albinos. Two points of consider- 
able interest are mentioned with regard to the self-coloured 
varieties 1 and 7 ; they are lefb unexplained, but it seems probable 
that they are connected and depena upon the same causes. The 
first of these is that the self-coloured varieties when bred together 
can give the forms with white marks, but not the pied forms, but 
that the varieties with white marks bred together may give all 
the types; that is to say, that type 7 for example can contain 
type 6, and type 6 can contain both 5 and 7, but that 7 cannot 
contain 5. This as it stands appears inexplicable, but there are 
indications of a possible explanation. Type 6 (black with some 
white below) has two sub-varieties, one with very little white, the 
other with a large patch, and my work shows that the first of 
these is closely related to the self-black (type 7), while the second 
is a heterozygous form always containing type 5 (piebald). The 
second point of interest arising from Crampe's work is that two 
kinds of first crosses appear wlien the wild rat is bred with the 
albino, one of which has no white (type 1), the other with white 
below (type 2). These two varieties behave differently as regards 
their offspring in the same way as types 6 and 7, and the expla- 
nation appears to be that some albmos carry the self-character, 
giving first cross of type 1, others the piebald character, giving 
type 2. 

The animals with which I began my experiments were ob- 
tained from several sources, but the majority were sent me bv 
Miss Douglas, of Worcester, to whom I am also indebted for much 
useful information. I wished to cross the wild M. decumanue 
with the di£ferent colour varieties, but failed to get wild animals 
to breed in captivity. I was fortunate, however, in obtaining 
from a local ratcatcher two fiEimilies of young rats from albino 
does by wild bucks. The man keeps a large cage of white rats, 
firom which two does escaped, and not long afterwards both rats 
were found in nests in a neighbouring haystack with families of 
exclusively brown young. I saw them when still with the mothers, 
and as there are numerous wild rats about the place, I think 
there can be no doubt that their male parents were common 
wild rats. 

My earlier experiments were somewhat indiscriminate in 
character, being undertaken partly to test whether the animals 
used were pure or were giving gametes of more than one kind, 
partly to determine the proportion in which the different forms 
appeared among the descendants of the wild rat crossed with 
albino. Oradually, however, definite problems presented them- 
selves, and my later work has dealt chiefly (a) with the power 
of albinos to transmit colour or pattern when mated with coloured 
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individuals, and (6) with the nature and relations of Cnunpe's 
types 7, 6, and 5. 

It has been shown by Ou^not*, and others in mice, and more 
recently by Hurstf in rabbits, that albinos are not all similar in 
constitution, but that when mated with a ^ven coloured individual 
their oSspriufi^ di£fer according to the origin of the albino parent 
I find that this is also the case in rats; some albinos carry the 
determinant for brown, others black, and others a^n both brown 
and black. So also with pattern ; some carry the piebald character, 
some the " self' (or " Irish "). An albino can best be tested in 
these respects by matins; it with a black-and-white, since black is 
recessive to brown and the pied character to '' self" Ezperimento 
showing the results of such matings are Nos. 32, 33, 41, 45, 
58 a ana 6, and, with regard to colour only, Nos. 2, 37, 57. Black- 
and-whites paired together can give notluDg but black-and-white 
and albino, but when paired with an albino carrying brown and 
"self" determinants, brown self-coloured rats are produced. In 
Exps. 32 and 41 the albino used contained only black and " pie," so 
that only black-and-white and albino young appeared, roughly 
in equal numbers. In Exp. 33 the albino, although of similar 
ancestry to those used in Exps. 32 and 41, carried only the '^ self" 
character as far as pattern is concerned, but both black and 
brown colour deteiminants, so that of the coloured young all were 
self-coloured (with white patch on the underside), 4 being brown 
and 5 black. In Exp. 45 the albino, derived from two " Irish " 
parents, carried the black colour determinant and the "self" 
character, and all the coloured young were "Irish." 

Similar results are seen in Exps. 2 and 37, in the first of 
which the albino bore only black, in the second both black and 
brown, giving 4 brown young to 6 " Irish." It is therefore quite 
clear that as in other animals the albinos, although giving nothing 
but albino when paired together (Exp. 46), differ from one another 
in constitution, and influence their young both in colour and 
pattern. In this connexion it is of interest that Haacke^ describes 
an albino rat in which the hair of the hood and back-stripe 
differed from the rest in texture, although quite without pigment 
Such an animal would doubtless have been found to Dear the 
piebald character only, had it been tested by mating with a black- 
and-white. 

The second point to which my attention has been chiefly 
directed concerns the relations between the different forms of 
pattern, particularly the nature of Crampe's types 2 and 6 and 
their relation to the pure self-coloured and pied forms respectively. 

* Arch, ZooL Exp, and GSn. Notes and Bev. Ser. 4, t. 2, 1904, p. zIt. 
t Journ. Ltftn. Sac, ZooL, Vol. xxiz. p. 288. 

t Haacke, Biol, CentralhU xv. 1895, p. 63. " Wesen, Unachen nnd Tererboog 
V. iQbiiunnQS etc.'* 
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There seems to be no doubt that the brown forms (Crampe's 
tjrpes 1, 2, 3) correspond exactly with the similar black forms 7, 
6, and 5, but are less simple to work with since they may contain 
recessive black. They also have the disadvantage that the extent 
of the white area in type 2 is much less easily determined at an 
early ace, since the grey of the underside is not at first distin- 
guishame from white. I therefore chose the black forms to ex- 
periment with, and have made only a few matings with the brown 
varieties. 

It soon became evident that the two sub-varieties of type 
6 (" Irish ") are distinct from one another, and in the later pairings 
recorded in the tables these are distinguished as 6 a and 66 
(Irish a and Irish 6). Unfortunately these two sub-varieties were 
not recorded separately in the earlier matings. Where one of the 
parents was black-and-white (type 5) all the " Irish " offspring were 
always of the form with a large white patch (6 b) ; this is seen in 
matings 34 and 45, and was almost certainly also the case in 
No. 33, whei*e, however, it was recorded only in the last litter. 
The brown young in No. 33 (type 2) also had much white under- 
neath. When '* Irish " rats were paired together, in all the cases 
where any black-and-white young were produced (matings Nos. 
42, 41, 56), both parents had a considerable amount of vmite on 
the underside. On the other hand in experiments 35, 35 a, and 55, 
no black-and-white young were produced, and in each case one 
parent had only a very small white mark. The other parent in 
these matings had more white, and the coloured offspring wei*e 
divided between the two sub-types. In Exp. 63 both parents 
were type 6 a, and no young of either 6 6, or 5 (blk.-wh.) were 
produced. It seems, therefore, that type 6 b (" Irish " with much 
white) can be produced by mating black-and-white with black 
(Exp. 34), or with an albino of " Iiish " parentage (Exp. 45), and 
that when two such individuals are paired together, the offspring 
consist of black-and-white, *' Irish " b, and " Irish " a. This points 
to the conclusion that type 6 & is a heterozygous form produced 
by crossing black or ** Irish" a with black-and-white, which then 
separate in the next generation in the normal Mendelian manner. 
Type 6 a and black on the other hand do not contain black-and- 
white, and therefore in matings in which they are concerned no 
black-and-white offspring appear. 

The relations between type 6 a and pure black are less clear. 
Crampe found that blacks (type 7) bied together might j^ve 
type 6, but they seemed to appear in quite irregular proportions, 
e.g. from some pairs only blacks appeared, in one mating 26 black 
to 6 "Irish" and in another 6 blacks to 27 "Irish." From 
Crampe's tables it appears that when ''Irish" rats are bred 
together, pure blacks appear only when they have occurred in the 
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ancestry of the " Irish ** used and my experience is in accord vdth this^ 
althoagh in Exp. 63 there is only 1 black ancestor three generatioiis 
back. Crampe does not separate the two forms of " Irish," but in 
all his matings black-and-white appeared, so that when blacks 
were produced the parents may have been heterozygotes black 
black-and-white. But in my mating 63 blacks appeared 6x>m two 
parents of type 6 a, so that this explanation is impossible, and we 
therefore find that blacks bred together can throw Irish, and Irish 
can give black. There is further no sharp line of distinction 
between black and *' Irish a" for the latter may have only about 
half-a-dozen white hairs on the chest, or may have a considerable 
white patch. 

It is practically certain, therefore, that black is only an extreme 
form of *' Irish a* and not really a separate variety ; either may 
be bred true by continued selection, but they are not allelomorphic 
to one another. Both when paired with black-and-white give the 
heterozygous form '* Irish 6." That this is the true explanation is 
indicated by Exp. 55, where the $ parent was " Irisn b " made 
by crossing black-and-white by black, the " Irish a " derived from 
2 " Iris^h " parents. If black were dominant over ** Irish a " the 
offspring should have consisted of black and " Irish 6 " in equal 
numbers, but actually 4 " Irish h" 2 " Irish a " and 2 black were 
produced. The conclusion must be that as far as pattern is 
concerned there are only two allelomorphs in rats, viz. "pied" 
and ''self," the pied consisting of coloured hood and stripe, the 
self either completely coloured or having a small white mark on 
the ventral surface. When crossed together there is no complete 
dominance, and a heterozygous form is produced having the whole 
ventral surface white. 

Of the other experiments not much remains to be said Most 
of them were b^un in a rather indiscriminate fashion before I 
realized that albinos were not all alike in constitution, and many 
of the albinos used were dead before they could be tested. Pair- 
ings were made between " half-wilds " (children of albino by wild) 
and albinos in Exps. 14, 21a, 44, 24, and 26, giving a total of 
87 young, 44 of which were albino, a close approximation to the 
Mendelian equality. If the albinos used all bore the black and 
piebald determinant, the expectation is that the coloured off- 
spring should consist of equal numbers of Crampe's types 2, 3, 5, 6 ; 
the actual numbers are 8, 9, 10, 16 respectively. Of the five 
albinos used in these experiments, 3 were bought, and in mv 
experience albinos obtained from dealers generally carry the black 
and piebald characters. Unfortunately, however, most of them 
died before they could be tested in this respect. 

In only one experiment (No. 43) did I succeed in getting 
young from '' half- wilds " paired together, 7 out of 25 being 
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albino (expectation 1 in 4). The expected ratio of self-brown, 
pied brown, self-black and pied black respectively is 9 : 3 : 3 : 1 ; 
the actual numbers 12, 0, 4, 2. In this experiment I bred the 
only brown without white (type 1) which I have obtained. 

In Exp. 23, where a halNwild was mated with a black-and- 
white containing recessive albino, the numbers approximate to 
the Mendelian expectation, viz. 15 coloured to 6 albino (expecta- 
tion 15:5); and the four colour types 5:4:2:4 (expectation 
equality). 

A point of some interest is the great diversity of different 
litters irom the same pair. Where enough offspring are reared 
the results are in fair accord with Mendelian expectation, but in 
individual litters this is often far from being true. To save space 
the separate litters are not recorded in the tables, but examples 
can be riven. In Exp. 23 ( ? alb. x </* blk.-wt.) the first litter 
consisted of 5 albinos, 1 "Irish," 2 brown (type 2); the second 
litter of 1 albino, 4 ** Irish," 2 brown. In Exp. 37 ( ? alb. x J" blk.) 
three successive litters contained respectively 5 albino, 2 " Irish," 
1 brown ; 3 albino, 1 " Irish," 2 brown ; 1 albino, 3 Irish, 1 brown. 
And in Exp. 44 (alb. ? x " half- wild *' </") four successive litters 
consisted of 2 albinos and 6 coloured, 7 albinos and 1 coloured, 
3 albinos and 4 coloured, 7 albinos and 3 coloured, the total 
making up 19 albinos to 14 coloured. 

It IS evident from such facts that a large number of young 
must be reared from each pair before the true proportions are 
known with any accuracy, and unfortunately disease has killed 
off many of my rats before this could be done. 
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On the Osmotic Pressure of Dilute Aqueous Solutions, 
By P. S. Baelow, St John's College. 

[Bead 27 November 1905.] 

This paper is an account of a few experiments that were 
made with dilute solutions during compulsory intervals in work 
with aqueous solutions of alcohol. The work was thus of an 
intermittent and preliminary character rather than exhaustive. 
However, the results that have been obtained are definite in their 
general bearing. 

In experiments with dilute solutions in water there seem to 
be two reasons why the osmotic pressure set up does not reach its 
theoretical value. These are due to the impurities absorbed by 
the outer water from the air and to the slight solubility of the 
clay of the pot. The pressure set up thus becomes a difference 
between two osmotic pressures, that of the solution within and 
that of a solution without. The difficulty arising from contami- 
nation of the outer water by the air can be avoided by closing the 
outer vessel ; but the difficulty arising from the solubility of some 
portion of the pot cannot be overcome for aqueous solutions, 
where the latter are very weak. For solutions which should give 
an onnotic pressure above an atmosphere the solubility of the cell 
is probably too small to interfere appreciably with the theoretical 
valuea 

It will thus be seen that this method of direct experiment 
cannot be used to determine with any accuracy the osmotic 
pressures of dilute solutions. Sufficient purity of the liquids can- 
not be ensured under these cotiditions. 

In the experiments given below three cells were used, XIV, 
XIII and e. JSach of these had been used shortly before in other 
experiments and had shown itself canable of bearing internal 
pressures above three atmospheres. In the interval they were 
standing in distilled water. Their soundness is assumed from the 
results of the experiments referred to. 

The experiment with cell XIV is with a cane-sugar solution of 
stren^h '056 normal. This is much stronger than the other 
solutions, but I add it to show that it takes considerable time for 
a cell to be freed from substances of previous experiments. 

Cell XIV. '056 N cane-sugar solution. Theoretical pressure 
SB 1*26 atmos. The cell after being used for an alcohol solution 
was washing in distilled water for three days (Oct. 26 to 29). It 
was then filled with the sugar solution, and after a short time 
emptied and refilled 

VOL. ZIII. PT. IV. 16 
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1 


Omnge levels 


Tempera- 
tare 
(degrees C.) 


Geleidatad 
pressure 


' Tiine (jretf 190S) 


nartow- 
limb 


wide-limb 


oonectod far | 
temperatme 


TharacUy, Oct 29, 4.15 

Friday, Oct. 30, 12.0 
Friday, Nov. 6, 10.0 
Taeeday, 12.30 
Wednesday, 1.50 
Friday, Nov. 13, 10.0 
Monday, 12.50 
Wednesday, 10.20 
Thnnday, 4.0 
Friday, Nov. 20, 10.15 


( open 
202-6 
closed 

1 204 
231 
335 
363 
368-6 
376-6 
382-6 
386-5 
388-2 
375 


196-8 
196-6 

168 

167-2 

166 

164-6 

164 

164 

165-2 


12-8 
12 
12 
13-2 
9-2 


1 

r 

l-57ataioe. 

l'84atanoflL 

(Fslliiig) 



From these readings it is seen that it took nearly tiiree weeks' 
time for the pressure to reach the valae of 1*84 atmosphere. 
Both the pressures calculated are above the theoretical Talue 
This is probably due to two causes, — a trace of alcohol horn 
the experiment in which cell XIV was last used, and partial 
inversion of the sugar during the three weeks of the ezpenmenl 
If the latter were the sole cause of the excess of pressure, we 
should have 

• ^ observed pressure 1*84 ^ . , - 
~ theoretical pressure 1*26 "" * 
a = t-l»-46. 

That is 45 7^ of the sugar was inverted. 

I think this is too high to represent the actual state of affiuis^ 
and though some of the sugar might be inverted, still most of the 
excess must be due to some trace of alcohol. This experiment 
thus affords an example of the length of time t^hat must be 
allowed in this kind of work for a cell to become clean for osmotic 
purposes. 

The experiments with cells XIII and e were performed with 
more dilute solutions. In each case reference is made to the 
immediately previous history of the cell. 

(1) GM XIII. 002 N cane-sugar solution. Theoretical 
pressure s 34 mm. Previous history of cell. On Feb. 9, after 
washing for more than two months in distilled water which was 
often changed, the cell was used with a solution of KCl for a week. 
Then it was washing in water from Feb. 24 to Mar. 15. It wee 
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trlien used with -002 N sugar solution. The cell was soaking in this 
Eor three days ; it was emptied and refilled on Thursday, Mar. 17. 



f 


Gauge levels 


Tempera- 
tare 
(degrees C.) 




Time 


nwrrow- 
limb 


wide-limb 


Thursday, 11.30 

Monday 

The cell was emp- 
tied and refilled: 
pressure added. 

Tuesday, Mar. 22 

Tuesday, April 19 


( open 
1 263 
1 closed 
I 277 
275 

291-6 
288-5 


261 

260 
260 

259 
259 


10 
11-5 


Calculated osm. 

pr. on Apr. 19 

= 29-5 - 2 

1 =27*5 mm. 

This is below the 

.theoretical value 



The cell had been standing through the vacation, and the 
pressure after 28 days seemed at a steady value. During the 
interval a higher value may have been reached. The readings on 
April 19 give a value below that reouired by theory. 

After the above experiment cell XIII was washing for two 
days, and was then fillea with fresh *002 N sugar solution. After 
one day, the cell was emptied and refilled with the solution for the 
experiment, Saturday, April 23, 1904. 

(2) Cell XIIL O02N cane-sugar solution. Theoretical 
osmotic pressure = 34 mm. at 0^ C, Saturday, April 23. 



Time 


Gauge levels 


Temperature 


narrow- 
Umb 


wide-limb 


Baturday, Apr. 23) 
Pressure raised/ 

Wednesday 
Friday, Apr. 29... 
Friday, May 5 ... 


255-4 
247-2 

247 

247-2 

247 


219-4 
220 

220 
220 
220 


Average temperature of the 
laboratory was 13* C, 
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The level was thus steady for more than a week, and the 
osmotic pressure was at the s^reatest 27 mm. at IS"" C. ; again 
below the theoretical value. The pressure in the preyioua experi- 
ment was 27*5 mm. at 11^'5 C. 

The experiments with cell XIII where sugar solation was 
used, and where the cell had been used so long with dilute solu- 
tions and had several soakings in water, show that all pressares sel 
up were below the theoretical value. Hence it is most likely that 
the excess of pressure registered by cell XIY was due to traces oi 
alcohol which had not been got rid of in the time allowed for 
washing, and was not due to inversion' of the sugar. 

(1) Cell e, *0012 N solution of potassium sulphate. Theo- 
retical pressure = 20 mm. at 0"" C. Previous history of celL The 
last experiment for which this cell had been used was one witii a 
4*6 7o solution of cane-sugar to get some values for the rate of rise 
of pressure. The cell had nearly got up the theoretical value 
when it was opened, and was still rising. After this it was wash- 
ing for six days (Jan. 25 to Feb. 1, 1904). On Monday, Feb. 1, it 
was filled with the above E,S04 solution, closed and standing tall 
Tuesday ; it was then emptied and refilled for the experiment. 





Qaage leyels 






1 


pn* 






Tempeia- 

A 






Time, etc. 






tore 








narrow- 
limb 


wide-Umb 


(degreMC.) 








open, 








Tuesday, Feb. 2 


• closed 
274 


267-6 








Wednesday, Feb. 3 ... 


277 


266-7 


10 






Saturday 


282-2 


265-2 


10 




Monday 


289*2 


264-8 


10-2 


* 


Wednesday, Feb. 10 ... 


291 


264-2 


10 






To ensure greater purity 


■ 










of contents, cell refilled ; 












and pressure added 












Friday, Feb. 12 


288 


265 


— 






Saturday 


292-6 


264-4 


10 






Monday 


294 


264 


10 






Wednesday 


295 


264 


9 


IMaximuin 
J pressure 




Saturday 


295 


264 


10 




Tuesday 


292 


■^— 


"■■^ 







The maximum readings of the gauge give a difference of level 
equal to 31 mm. at 10"^ C. From this has to be deducted the 
difference of levels when opened to give the excess of internal 



Mr Barlow, On the Osmotic Pressure of Aqueous Solutions. 233 

pressure set up when the cell is closed. Taking this difference to 
be 6'4 mm. as at the beginning, the osmotic pressure is 

31 - 6-4 = 24-6 mm. 

No correction is needed for any capillary depression in the narrow 
tube, as this will affect both open and closed levels to the same 
extent. 

The theoretical pressure, assuming the gas laws to hold, is 
20-7 mm. at 10° C. 

Hence t=g:^ = M88, 

I — 1 
a = —5— (for three ions) 

= '094, 

or 9'4 7o of ^^^ salt is dissociated. 

Jones*, from freezing-point measurements, finds for a '001 
normal solution of potassium sulphate that a = about *94. 

In this experiment the cell may safely be regarded as clean ; 
the result is tnus interesting as showing that dissociation can be 
detected in a direct way, though no satisfactory measure of it can 
be looked for. 

(2) Cell e. After the last experiment the cell was washing for 
four days in changes of distilled water. 

On Monday, Feb. 29, it was used with 00094 N . E,S04 solution. 
Theoretical osmotic pressure ^ 16 mm. at 0"" C. 



Time 


Gaage levels 


Temperature 
(degrees C.) 


narrow- 
limb 


wide-limb 


Monday^ Feb. 29 

^ UmMUajr ••• ... ... .•• *•• 

Thursday 

Friday, Mar. 4. Pressure added 

Friday, Mar. 11 

Wednesday 


fopen 
) 273 
1 closed 
I 277 
277 
280 
292*2 
280 
280 


267 

266*1 

266 
264 
266 
265-6 


9 
8 



The osmotic pressure set up seems to be 14 — 6 « 8 mm. at 9** C, 
the steady value for the last ^e days of the experiment. This is 
only half the theoretical value at 0"" C. 



♦ Phil. Mag., Vol. ixxvi. p. 472. 



16—3 
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The solution of this experiment was the weakest used. The 
low value here set up, compared with that of the experiment before, 
shows that the effect of impurities which contaminate the outer 
water is much more marked as the dilution increases. 

(3) In the above experiments the outer water in which the 
cells have been standing was exposed to the air. In the experi- 
ment to follow, the outer vessel was closed by a cork, through 
which the glass of the cell pissed. The cork also had a manometer 
passing through it containmg mercury. The whole was rendered 
air-tight by pouring molten paraffin wax into a mould round the 
cork, and so covering it with a good layer of wax. That this was 
air-tight was shown by the manometer steadily standing at different 
levels under barometric changes. Since the osmotic pressure is 
the excess of the internal pressure set up over the atmospheric 
pressure, in this experiment corrections had to be made for the 
changes in the manometer levels. 

Cell e. '0034 N solution of potassium sulphate. Theoretical 
osmotic pressure at 0° C. = 57*7 mm. 



Time, etc. 


Gauge levels 


Correc- 
tions to 
diflerenoe 
of levels 


Tempera- 
tore 
(degrees G.) 


Oonotie 
presBareat 
given tem- 

peratove 


narrow- 
limh 


wide-limb 


Tharaday, July 21 ... 

Pressure added 

Saturday 

Monday 

Tneeday 

Wednesday 

Thursday 

Thursday (week later) 


open 66*2 
111 
126*2 
182 
181 
126 
119 
86-5 


58*2 

58*6 

51-4 

51 

51 

51-4 

52*4 

56*2 


- 2*5 mm. 

+"4 
+ 12 
+ 28 


18^ 

18*5 

18*4 

181 

17-6 

18 

19*8 


78*5 mm 

78-6 
78-6 
68-S 



Followed by steady fall. 

From the table it will be seen that the maximum pressure was 
one of 78*6 mm. at an average temperature of 18^ C, and remained 
steady through four days. 

The theoretical pressure at IS"* C. «■ 6146 mm. 

Hence % = ^^. - 1278, 



as 



61-46 
278 
2 ' 



•139, 



or 18'9 7o ^f ^^^ ^^^ ^ dissociated. 

According to Jones'* cyroscopic determinations, a is about -90. 

♦ PhU. Mag,, Vol. xxxtx. p. 472. 
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This experiment thus shows that when the influence of the 
impurities dissolved from the air is provided against, the experi- 
mental values for the osmotic pressure approacn more closely to 
the theoretical ones. 

It was after the last experiment that a preliminary experiment 
was made in order to examine the deterioration of the outer water 
by changes in its electrical resistance. 

By the telephone method, the resistance of the water before 
the experiment was 12875 ohms at 18'''4 (the mean of five read- 
ings). After the experiment, after having been in contact with 
the cell for nearly three weeks, the water was again examined under 
the same conditions: its resistance was found to be 2014 ohms at 
IS'^'S ; or one-sixth of its former value. 

Arrangements were then made to carry out such an examina- 
tion of the water with greater care. 

Owing to other worx, this examination of the resistance of the 
outer water at intervals had to be put off for a considerable time, 
during which cell e was washing in distilled water. 

The telephone method could not be used with sufficient accuracy 
for the high resistances offered by the water used at first. A com- 
mutator of the kind described and used by Fitzpatrick* and 
Whethamf was set up. It was driven by a water-motor. 

Water redistilled over alkaline permanganate and then over 
acid potassium sulphate was used. It had an absolute conductivity 
of 8-3 X 10-«. 

Cell e was standing in the glass bottle used for the outer 
vessel from July 1904 to January 1905. The distilled water was 
frequently changed. During the last week before the experiment 
it was standing m and was filled with the redistilled water. The 
cell was therefore as clean as it well could be. The electrodes 
were of platinum, covered with platinum black and then heated 
to redness. They were between the outer vessel and the cell, and 
about half-way down the latter. The outer vessel was closed to 
the air by means of a cork covered with molten wax and was 
standing in a water-bath fitted with a thermostat. The tempera- 
ture of the bath was fairly steady, and only occasionally was the 
temperature raised above that of the room in order to get the 
temperature coefficient for purposes of correction for small changes 
in the temperature of the water-bath. These corrections seldom 
affected the observed values above the second place of decimals. 

I should say that the constant of the electrolytic cell in which 
the conductivity of the water was obtained, was found by using a 
standard solution of potassium chloride. Its diameter was about 
the distance between the cell e and the outer vessel. The actual 
resistance of the water in the electrolytic cell was about 42200 
ohms ; that of the water, after arranging for experiment in the 

* B. A. Report, 1SS6, p. 82S. t Phil Tram, A, Vol. oxcir. p. 880 (1900). 
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outer vessel with the same electrodes, was 42000 ohm& Tbe 
constant (^ '139) of the electrolytic cell was therefore ased in tbe 
conductivities given below, fix)m which values Curve I is drawn. 
These are corrected to 10® '4 C. 

. , , ^ J X- -x cell constant '139 

Absolute conductivity = ; --i r— = — ir- . 

*^ experimental resistance R 



Date 


Oondaetiyity 
at 10°-4 C. 


Date 


OondootiTity 
at l(P-4 C. 


Jan. 27 
„ 28 
„ 30 
., 31 


3-3 . 10-* 
4-63 
6-63 
7 -75 


Feb. 1 
., 3 
« * 

,. 7 


8-62. 10-« 
10-23 
10-60 
1164 
12-00 
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Change of condootivity of oater water. 
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The apparatus was taken down in order to add fresh redistilled 
water and to examine the working of the commutator. The 
contacts of this were cleaned and readjusted, and its workiog 
tested by using a coil in the place of tbe cell-resistance. The 
readings were taken, as throuehout, for the resistance and tbe 
battery reversed. For the cou, the mean resistance with the 
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oommutator still was 979*88 ohms ; with the commutator working 
it was 979*75 ohm& From time to time during the experiments, 
the coil was put in to see that the commutator was working 
satis&ctorily. 

The water used in the second set of reading was rather better 
than the other, having an absolute conductivity below 30 x 10~~* 
to begin with. The conductivities are obtained from measure- 
ments extending over 15 days; they are corrected to W'o C. 
The outer vessel was left open to the air. 



Dkte 


Cendaotivity 


Pate 


Condaotivity 


March 2 


2-93. 10-« 


March 8 


7-48. 10-« 


„ 3 


4-28 


„ 9 


7-81 


„ 4 


5-25 


,. 13 


9-31 


,. 6 


6-52 


» 16 


9-92 


„ 7 


7 06 

1 


„ 17 


10-45 



CURYS II. 



-6 
X10 
10-0 



7-5 
-fvrrr 



(i) 



5-0 



7 5 




The differences in the general character of these curves are 
important. In Curve I, where the water was not exposed to the 
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air, the coDductivity increases at first uniformly with the time, 
almost as a straight line, falling off after the sixth day. The 
flattening at the end indicates that the curve is tendings to a 
constant value. In Curve II, the more curved portion is at the 
beginning, and the latter part is practically a straight line with 
the same slope (very little steeper) for the sixth day as for the 
fifteenth. These differences are caused by the additional distoib- 
ing effect of the air in Curve II. 

In Curve I, the solution obtained from the soluble portion 
of the pot, more and more nearly reaches its saturation strength, 
owing to the very small quantity that will dissolve, and con- 
sequently the rate of chanee in the conductivity of the water fiUls 
off. In Curve II, the furtner portions of the curve are kept from 
flattening by the impurity which is steadily absorbed firom the air. 
It will take a much longer time for the water to become saturated 
with very soluble carbon dioxide (which will be the chief imparity) 
than with the slightly soluble part of the clay ; hence the curve 
becomes practical^ a straight line and apparently continues as 
such for some distance beyond the limits of the diagram. 

There is one other experiment recently performed, which shows 
in a direct way that the osmotic pressure is very considerahly 
reduced by the impurities in the outer water. 

Cell e had been left through the vacation (from March 27 to 
April 28) with a solution of potassium sulphate that should f^ye 
a pressure of 219 mm. On March 27, the cell was left with the 

i^auge level at 235*8 (osmotic pressure attained = 208 mm. at this 
evel), the cell being in a small outer vessel. A month later, the 
level was at 92*6, the cell being well under water outside. The 
comparatively small volume of the outer water must have become 
very impure durinfi^ this month. It was removed and replaced bj 
freshly boiled distilled water at the temperature of the laboratory. 
The following were the gauge levels during the next few days. 



Time, etc. 


<Hng» 
lercl 


Tempai»- 

tore of 

water 

(degtaesO.) 




Friday, April 28 

Saturday 

Monday, May I 

xuesQAy ••• ••• ■•• •■• 

Outer water replaced by new 
water 

Thnnday 

Mondftj, May 8 


92-6 
109 
127-6 
131-8 

136 

138-6 

136-6 


11-8 
11-6 
11-4 
11-6 

11-5 
11-5 
11-6 


Riaeof 46mBi. 
FalKng 
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With the fresh water preseot, the level of the gaage rose 
through 46 mm. in tdi days, new water being placed outside on 
the fourth day. On the sixth day, after the second water was 
added, there were sinia of falling, Bbowing that the impurity of the 
outer water was b^umiDg to have its eoect. 



Conclusion. 

Hence, the general conclusion to which the experiments of 
this paper point is, that, owing to the impurities received by the 
OQter water from the clay of the pot and the air, the osmotic 
properties of very dilute aqueous solutions cannot be measured 
directly by this method, and as formerly we shall have to depend 
(at leaet for the present) on freezing-point and boiling-point 
methods. 
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Note, Since the body of this paper was written, I have, at the 
suggestion of Professor Thomson, examinerl water containing kaolin 
for changes in its electrical conductivity. The kaolin used was 
washing for a week in several changes of distilled water, before 
being used for the experiment, in order to remove traces of any 
foreign soluble matter. Finally the kaolin was filtered off and 
washed with redistilled water. It was then placed in the outar 
vessel which was used with cell e above, and covered to a con- 
venient depth with redistilled water. The vessel was closed to 
the air and placed in a water bath. The same method of taking 
the resistance was used. T^e following values of the conductiTity 

[ B -^ j at 14'' C. were obtained, and from them the curve above is 

drawn. 



Date 


Gonductivity 


Date 


CondiietiTi^ 


Judo 13 
., 19 


1 

5-20. 10-» 1 
5-43 ! 
5-57 
6 -60 


June 21 
July 6 

1 


6-62 . 10-» 

6-71 

6-75 
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The expansion of a gets into a vacuum and the deteiifnination 
of the spedfio heat at constant pressure for gases. By Q. F. C. 
Searle, M. a., F.R.S., University Lecturer in Experimental Physics, 
Cambridge. 

[Bead 29 January 1906.] 

§ 1. The expansion of a gas into a vacuum. 

In an important thermodynamical experiment, first made by 
Gay Lussac, gas is forced into a receiver till a hi^h pressure is 
reached and then the pressure is allowed to fSsdl oy opening a 
oommunication between the receiver and an exhausted vessel. 
The experiment was repeated, with modifications, by Joule, who 
found that, when thermal equilibrium between the parts of the 
gas had been re-established oy means of the water in which the 
apparatus was immersed, the temperature of this water was not 
sensibly changed by the expansion. When the change of tempe- 
rature of the water is accurately zero, it follows that the internal 
energy of a gramme of the gas depends only upon its temperature 
and not upon its volume. But it may be useful to consider a case 
in which this ideal experimental result would not be obtained, and 
to show bow the change of temperature of the gas, when the 
vessels are impermeable to heat, may be calculated for a gas 
obeying Van aer Waals' equation 



[p+^{v-h)^m (i> 



Here, and throughout this communication, the symbol t denotes 
the absolute temperature. 

If {7 be the internal energy and ^ the entropy of one gramme 
of ffas, and if the heat taken in by the gas be measured in ergs, 
we have, for isothermal expansion, 

dU — td<f> - pdv, (t con stan t), 

VOL. XUI. PT. v. 17 
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since the increase of energy is equal to the heat aheorbed wimu 
the work done. Thus 

By a thermodynamical formula, this may be written 

t-'t-" » 

But. by (1), P-frg-J' 

and thus ^ = ^ (4> 

Integrating (4), we obtain 



a 



U^f(t)-Z (5X 



V 



where f{t) is some function of t This function is closely related 
to the specific heat at constant volume, for 

„_dU_d/{t) 

^'-wr'dr ^®^ 

We may notice, in passing, that, according to (6), the specific 
heat (7, depends only upon the temperature and not upon the 
volume of unit mass. 

In the experiment under consideration no external work is 
done by the gas, and, when the vessels are impermeable to heat, 
no heat escapes. Thus, the internal energy of unit mass, after 
thermal equilibrium has been established, is unchanged by the 
expansion. Hence, if the volume of one gramme increase from 
V to v' C.C., and if, at the same time, the temperature change bom 
^ to ^, we have, by (5). 

From (6) we see that 

/(O-/(0-/]'<?A 

and hence 

If the range of temperature be small, we may treat the 8peci6c 
heat Co as constant over that range, and then we may write 



'-'■-?.(-l4) -w 
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This e(}uation, then, shows the fall of temperature t — t' due to the 
expansion firom v to t/. 

In the case of CO,, Van der Waals found 

(i>+»i*|y)(F-o«oa,)-l:^t 

where P is the pressure in atmospheres, and V is the ratio of the 
▼olume of 1 gramme to its volume (Fo) at normal temperature 
and pressure. Since one atmosphere is equivalent to 1*014 x 10* 
dynes per square cm. and since Fo is 505 cc, Van der Waals' 
equation, when expressed in C.G.S. units, becomes 

/ p 0-00874 X 505» \ / v ^^ \ ^ 1-00646 

UOHxlO"^ ti» jte^^^^^j 273 ^' 

or (p + ^ ^^^ ^^ ) (v - 116) « 1-89 X IV t 

Thus a = 2-26 x 10" cm.» grm ~» sec.-^. 

fc = I'lB ac. per gramme. 

R = 1*89 X 10* ergs per gramme per degree. 

According to Joly the mean specific heat at constant volume 
over the range from about 15^C. to lOO^'C. varies appreciably with 
the pressure — an indication that Van der Waals' equation does 
not completely represent the facts of the case. For the present 
purpose, however, C^ may be taken as 0*17 x 4*2 x 10' or 7*14 x 10* 
ergs per gramme per degree. 

If in the expansion experiment the initial volume of 1 gramme 
be 50 c.a and the initial temperature 273°, the initial pressure 
will be about 10 atmospheres. If the final volume be 100 ac, we 
have 

226x10' /I 1 \ 

'-*^-M4xlO«l50-10oj"^^*' 

Thus, in the case of COt, when the pressure falls from about 
10 to about 5 atmospheres there is a cooling of about S^'C. 

By equating the energy of the whole of the gas in its final 
state to the sum of the energies of the separate parts in their 
initial states, it is easily shown that when two vessels of volumes 
F| and F, ac. containing M^ and M^ grammes of gas at tempera- 
tures ii and U ^^^ P"^ ^^^ communication, the temperature l! 
attained when thermal equilibrium has been established, is, for 
small ranges of temperature, given by 






17—2 
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§ 2« Z%« determination of the specific heat (U constant pressure 

for gases. 

In the experimental detennination of the specific heat of a 
gas at constant pressure^ the gas is sent through a spiral tuhe 
immersed in water in a calorimeter, and the temperature of the 
gas before and after passing through the tube is observed as well 
as the rate of change of the temperature of the water in the 
calorimeter. When the pressure of the gas is the same on both 
sides of the spiral, the experiment giv.es the specific heat of 
the gas directly, but, in practice, there must be a small difference 
of pressure, and thus some small correction becomes necessary. 

The process is really an extreme case of the "porous plug" 
experiment, and is best considered from the point of view of that 
experiment. 

We may benn with the case of a ''perfect" ras, i.e. a gas 
obeying Boyle's Taw and having its internal enersy ae[>endent only 
upon its temperature. The second of these conditions implies that 
du/dvt is zero. Thus, by (3) 

.dp 

Integrating, we have 

logp + 0{v)^logt, 

or pF(v):=^t, 

where 0(v) and F{v) are functions of v alone. But, since Boyle's 
law is obeyed, F(v)^v/R, where 22 is a constant. The charac- 
teristic equation is therefore 

pv=:IU (8). 

Since {7 is a function of t alone, we may write 

^^--di (»>• 

It is unnecessary to add a subscript t; to the differential ooeflSdent 
to show that t; is constant during the differentiation, because U is 
independent of v. 

If we equate the heat absorbed, when the gas is heated at 
constant pressure, to the sum of the energy gained by the gas and 
the work done by it, we have 

80 that ^'~^»"*'^/SI 

-=C7, + iJ (10). 
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Suppose, now, that, as the gas enters the spiral tube, its state 
is defined by p, v, t and that, on leaving, its state is defined by 
p\ ^, i\ and that each gramme of gas, as it passes through the 
tube, absorbs H ergs of heat from the calorimeter. Suppose, 
further, that the flow is very slow so that the conditions may be 
treated as "steady" at each instant, and so that the kinetic energy 
of the gas at the places where i and i! are measured may be 
negligible. Then we have 

or, by (8), J5r«ii(f-0+ P"- ^^ 

But/by (9), U'-^U^j^'c^t, 

and thus J5r«iJ(^-0 + [ C^t, 

or, by (10), H^j Cj/it. 

Hence we see that, when the gas is perfect, the heat absorbed 
by one gramme of gas is equal to the range of temperature 
multiplied by the mean specific heat at constant pressure for 
that range. Since, by (9), Cj, depends only upon the temperature, 
it follows from (10) that Cp depends only upon the temperature, 
and thus it is not necessary to know the pressure of the gas 
either before or after its passage through the spiral, or to take 
any precautions to ensure that the fall of pressure of the gas on 
passing through the spiral should be small. 

The text- books lay stress on the importance of ensuring that 
this fall of pressure is very small ; this is illustrated by the 
following extracts which refer to Regnault's experiments : (A)^ " It 
was further necessary to ascertain if the pressure of the gas was 
the same at entering as at leaving the calorimeter. If that is not 
the case, the gas will have expanded in the calorimeter, doing 
work and absorbing heat and a consequent error will be intro- 
duced*. Water manometera placed at the entrance and the exit 
showed no more than 1 mm. difference so that the error arising 
from this cause was quite insensible" (B)' " Its pressure at entry 
and emergence was shown by subsidiary experiments to differ by 
not more than 1 mm. of water. Hence the pressure was practically 
constant. We see then that a known weight of gas at constant 
pressure was cooled in the calorimeter by an observed mean 
amount" 

^ Preston, Theory of Heat, 9nd ed., ^. 376. 

* There appears to be some confasion here. A. gas neoessarily expands when 
its temperature rises and its pressure remains constant. 

* Pojnting and Thomson, Heatt p. 70. 
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From such statements a student would not unnaturally draw 
the conclusion that, if the pressure at entry had exceeded that on 
emergence by the pressure due to a few centimetres of water, the 
heat absorbed firom or given out to the calorimeter while one 
gramme passed would have differed appreciably firom the product 
of the change of temperature and the mean specific heat But 
we have seen that, for a " perfect " gas the difference of pressure 
is absolutelv without effect upon the result and thus we are led 
to expect that, for gases which are almost perfect, the effects of 
differences of pressure will be practically negligible. 

The correction which is necessary in the case of an imperfect 
gas can be at once written down, when the results of the Thomson- 
Joule porous plug experiment for that gas are known. 

If H ergs of heat be absorbed from the calorimeter while one 
gramme of gas passes through the spiral, we have 

pv-pV + H^ 17"- U (IIX 

where p, v, U refer to the gas as it enters and p\ t^, V refer to the 
gas as it leaves the spiral. Here we are only concerned with the 
initial and final states of the gas and with the total amount of 
heat absorbed irom the calorimeter during the passage of one 
gramme of gas through the spiral. We may therefore suppose 
that the gas passes through a porous plug before it reaches the 
calorimeter, and that there is no fall of pressure in the spiral 
itself If we further suppose that no heat enters or leaves the 
gas as it passes through the porous plug, the heat absorbed from 
the calorimeter is the same as in the actual experiment. The gas, 
which enters the plug at temperature t, leaves it at a temperar 
ture 1f\ the difference t"^t being calculable from the results of 
the Thomson-Joule experiment in terms of the fiill of pressure 

If p\ %{\ TJ"' refer to the gas as it leaves the porous plug, the 
energy equation, corresponding to the passage of the gas tb rough 
the spiral at the constant pressure p\ becomes 



pW-'lfif^-H^U'^U 



tt 



In finding U'^U" we ma^ take the gas firom one state to the 
other by cmy path on the pv diagram, since V'^U" depends only 
on the two statea The most convenient path is obviously the 
one in which the pressure has the constant value p'. Then 
U'^W is eauul to the heat absorbed by one gramme of gas 
along this patn minus the work done by it along the same path. 
Hence, we have 
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Thus 



or 



rv ft" 

H^j Cp'dt-j Cp^dt. 



P'^+TTiArt^P'- 



Here we must specify that the specific heat is that at the 
constant pressure p, for in an imperfect gas the specific heat 
may depend upon the pressured Since tne specific heat Cp 
depends only slightly upon the temperature in the case of actual 
gases, we see that tne correction to be applied to the change of 
temperature observed in the actual determination is approxi- 
mately equal to that which occurs in the Thomson-Joule experi- 
ment, when the initial temperature is t and the pressure falls 
from p to p. 

The results obtained by Thomson and Joule' for air show that, 
when p is one atmo and t is SIS'" on the absolute scale, there is a 
cooling of about one-seventh of a degree for a fall of pressure of one 
atmo, or about 1/7000 degree for a &11 of pressure corresponding 
to one centimetre of water. Thus, if the difference of pressure 
correspond to h cms. of water, we have approximately 

r-^»-A/7000. 

Thus, approximately, 

A 
7000 

Hence, if the pressure of the air on entering the spiral exceed 
its pressure on leaving the spiral by so much as corresponds to 
10 cms. of water, the correction to be applied to the observed 
difference of temperature is only about j^ degree. The differ- 
ence of temperature would probably never be less than lO^'C. 
in an actual experiment, so that the correction is practically 
negligible. 

If the results of the Thomson-Joule experiment be not known 
for any particular gas, the correction can still be calculated when 
the characteristic equation of the gas is known. To simplify the 
calculation in the case of a gas obejdng Van der Waals' equation, 
terms involving the product ab and squares and higher powers 

1 Binoe for anj substanoe 'T^^-^iri* ^^ follows that the oharaeteristic 
equation of a rabitanoe, for which Cp is independent of the pressure, is 

whore /(f>) and ^ (p) are any fanetions of p. If this equation is not satisfied, 
Cp will Sepend upon the pressure. 

' Lord Kelvin, Mathematical and Phytieal Papen, yol. i. p. 419. 
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of a and b may be neglected The equation then takes the 
modified form 



pv-'pb + -'^Rt 



.(12). 



Let the points A, Bin the figure represent, on the pv diagram, 
the state of the gas on entering and leaving the spiral Then, in 
finding the difference between U\ the energy of one gramme of 



A {p,v,t) 




BWvit!) 



Pig. 1. 



gas at B, and U the energy at il, we may take the gas by any 
path we please. The most convenient path is ACS, which is 
made up of the isothermal AC passing through A and the 
isopiestic CB passing through B, Let the areas into which the 
diagram is divided by lines of constant pressure and constant 
volume be indicated l^ the letters placed m them. If C^/ be the 
specific heat at the constant pressure p' and if Q be the heat 
absorbed by one gramme of gas as it expands, at constant tem- 
perature, from J. to C, we have 

U'^U^Q-^I C^^dt-work done in path ilCB 



But 



Q+j Cp>dt-(e-\-g + h). 



the temperature having the constant value t in the last two 
integrals. 

Now, if H ergs of heat be absorbed from the calorimeter by 
each gramme of gas as it passes through the spiral, 
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Hence 

^Q-(d + e) 



-/:(-4)* <'»^ 



p \ ^^p 



the temperature having the constant value t on the right side. 
From the modified Van der Waals' equation (12) we have 

dv ^Rt •\-ph — ajv Rt 



v-t 



dtp p p" a/v^ * 

Expanding the second denominator by the binomial theorem, 
we obtain, to the order of accuracy which we have adopted, 

^ dt; , a aRt 
dtp pv jW 

To the same order of accuracy we may replace pv by Rt, 
and thus 

_ rfv _, _ 2a 
dt^^ Rt ' 



Hence 



H-Jlc,dt^-ip-p')(b.%). 



If p^p' be the difference of pressure due to a height of h cm. 
of water, we have p— /)' = 981 A, and thus we find that, when COj 
enters the spiral at 373'' on the absolute scale, 

« 6150 A 

8*4 X lO* 
- ^g3Q h ergs per gramme. 

Taking Cy as 0*2 x 42 x 1(P or 8*4 x 10* ergs per gramme 
per degree, we see that the correction arising firom a difference 
of pressure of h cm. of water amounts to only A/1630. Thus when 
'I = 10, the correction amounts to 1/163 of a degree. Though 
this is about four times as great as the correction we found was 
necessary in the case of air, it is still practically negli^ble. 

Thanks arc due to Prof. J. H. Pointing, F.R.S., for nis criticism 
and assistance in connexion with this paper. 
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A Navel Instrument far Illustrating the Magnetic Properties ef 
Iran. By A. H. Pbake, M.A., St John's College. 

[Read 29 January 1906.] 

The instrument here described is one which was designed by 
the author in order to illustrate, with as simple apparatos as 
possible, the phenomenon of magnetic hysteresis. 

This instrument, of which a view is given in Fig. 1, is self- 
contained, that is to say, no other apparatus or instruments are 
required in conjunction with it, neither does it require any electric 
current, the magnetising forces being produced by pennaneDt 
magnets which form part of the instrument. 

Principle af the Instrument. 

The principle on which it is based is as follows : — 
If a sample of iron, which is very thin in proportion to its 
length, is suspended in a uniform magnetic field, the magnetisinff 
force, to whicn the sample is subjected, is equal to the resolved 
component of the field in the direction of the length of the 
specimen, and the induction produced is proportional to the tuni- 
ing moment experienced by the sample, when the plane of the 
sample makes but a slight inclination with the plane normal to 
the lines of force. In this particular instrument the turning 
moment is balanced- by a gravitational control, and the same 
pointer serves to read on two different scales both the angle of 
iDclination of the specimen to the field, and hence the magnetising 
force H, and also the angle turned through irom the direction 
assumed when under the action of gravity alone, this latter angle 
being a measure of the induction B produced. See Figs. 2 and 3. 

Details of the Instrument 

The sample used is a strip of sheet iron, or wires arranged side 
by side so as to approximate in form to a strip ; they are three 
inches in length, ana may be of any width up to five-eighths of an 
inch. Thev aire supported in a cradle, to which a long aluminiam 
pointer and an adjustable brass control weight are attached; the 
cradle with the pointer and control weight are carried on two steel 
points, which are pivoted, the one in an agate cup of conical 
shape, and the other in a V-shaped trough of agate, so that after 
removing the cradle for the insertion of a sample, the steel pointi 
are easily replaced in their bearings in exactly the same positian 
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as before. The sample is pushed into position in the cradle up to 
a stop provided for the purpose, where it is held by a brass spring ; 
when in position its centre of gravity is in line with the two steel 
points which define the axis about which it may turn, and conse- 
quently the weight of the sample in no way affects the gravita- 
tional controlling force to which the pivoted portion of the 
apparatus is subject. 

The axis of the portion of the apparatus just described is in 
the same line with the axis of a turn-table of brass, to which the 




P 




2. 



Fig. 8. 



permanent magnets providing the magnetic field are bolted ; these 
magfiets are built up of sixt^n bar-magnets, placed so as to give 
a Strang horizontal field at right angles to the axis of the turn- 
table. The turn-table is attaoned to a wooden stand, and may be 
turned by meaiis of a nut and screw on the right-hand side of the 
instrument so as to incline the direction of the field a few degrees 
to the horizontal either way ; " baok-lash " is taken up by a strong 
spind spring, which causes the nut to bear always in one direction 
i^^ainst its support. One scale of the instrument, the H scale, is 
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rigidly attached to the turn-table, while the other, the B scale, is 
fastened to the back of the stand. A strip of looking-glass is 
provided to avoid parallax in reading the position of the index; 
this index consists of a fine wire at the end of the aluminium 
pointer, stretching across both scales. A damping vane is attached 
to the end of the rod supporting the control weight, and generally 
is immersed in an oil dash-pot 

Method of OperatiorL 

The stand is levelled by means of the levelling screw in the 
base ; this is best done by putting the cradle in position without 
any iron in it, and then turning the levelling screw until the index 
points to the zero of the B scale ; the zero of the H scale should 
then be brought into line with the pointer, and the instrument is 
then ready to receive the specimen. After the insertion of the 
sample in the cradle, the latter is replaced in position, and if the 
sample is not magnetised the index will again be over the zero of 
both scales, the plane of the specimen will be vertical, and normal 
to the lines of force due to the permanent magnets. Then by 
gently turning the turn-table, avoiding jerks which would cause 
the pointer to oscillate, the specimen may be subjected to any 
desired cycle of magnetising force, and the corresponding readings 
on the B scale may be observed. The whole time required to 
take the observations for a complete hysteresis cycle is but a few 
minutes. 

Demagnetising of Sample. 

To demagnetise a sample of iron that may have been ma^et- 
ised previous to testing, all that is necessary is to place it in 
position with the oil dash-pot removed, and start it swinging ; this 
demagnetises the sample oy reversals, and it soon comes to rest, 
owing to the damping action of the hysteresis losa 

It was found by experiment that the BH curve obtained by 
slowly increasing H after demagnetisation was the same as thi^ 
obtained by reversing several times successive values of H, and 
hence, the former method being much more rapid, it ¥ras the one 
used in obtaining the ''reversal curve." 

Calibration of Instrument, 

The calibration of the scales of the instrument has not been 
carried out with any great refinement, as the instrument is in- 
tended for illustrating principles, and is not suitable for deter- 
mining quantitatively the actual hysteresis loss in the samples 
tested ; nevertheless it was thought advisable to obtain approxi- 
mately the value of the scale divisions in ordinary units, and also 
to determine the reduction in the magnetising force, resulting 
from the actual production of magnetic induction in the specimen. 



the Magnetic Properties of Iron, 



253 



Correction for Demagnetising Actian of Poles. 

The correction for the demagnetising action due to the flux 
produced is proportional to the total flux, and was determined by 
obtaining the BH curves for samples consisting of 2, 4, 6, and 8 
similar iron wires; these Were plotted with readings of the 
H scale for abscissae, and readings of the B scale, divided by the 
number of wires in sample, for ordinates; it was then seen that 
by shearing back the axis corresponding to J^s zero by an amount 
equal to the B scale reading, the curves became nearly coincident, 
and consequently if this axis is always sheared back by this 
amount, the resulting curve referred to rectangular coordinates is 
corrected for the demagnetising action. 

'Fig. 4 shows the curves thus plotted for the samples consisting 
of 4 and 8 wires respectively. 

B scaU reading 
No.ofwiret 





H scale reading 



lU 



Fig. 4. 



Value of Scale Divisions. 

The approximate value of the scale divisions in c.G.s. units 
was determined by obtaining first of all the controlling or restoring 
couple for a deflection of one division, and then with a sample of 
known maximum permeability in the instrument a BH curve was 
obtained, these data, together with the dimensions of the sample, 
beinff sufficient for the purpose. 

The controlling couple was determined both by direct observa- 
tion of the deflection produced by a known weight suspended at 
a measured distance from the axis, and also by observing the 
periodic time of the cradle portion for small oscillations, firstly 
under normal adjustment and then with the addition of a brass 
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bar, which was lashed securely to the pointer, the change in the 

moment of inertia and in the gravitational restoring couple of tbe 

swinging system being easily calculated from measurements of the 

dimensions, position, and weight of the added rod. 

In the 6r8t of these methods a 20 gramme weight when 

suspended at a horizontal distance from the axis of 3*86 cma. 

produced a deflection of 12*3 divisions on the B scale, hence the 

^ „. - ,. 20x3-86 

controlling force per div. = — :r^^ — gramme cms., or 

20 X 3-86 X 981 ^ , ^-, , 

j^:g « 6,160 dyne oma. 

In the second method the time for a complete oscillation under 
normal adjustment was 0'782 seconds. Let us call this T«. 

Let /o and 0^ represent respectively the moment of inertia of 
the system about the axis of suspension and the controlling coapk 
in dyne cma/radians for very small angles of displacement, under 
this same adjustment, before the addition of the brass rod. 

Let also Ti, /i, and &i stand respectivelv for the new periodic 
time, eta, after the addition of the brass rod. 

Ti was found to be 1 '18 sees. 



Then (1) 



r.=2./|, 



or 



(2) r.-2^;y/^. 

These equations may be written thus : 

(2) A=G-.@y. 

Subtracting 

a (2ir)'{/,-/ol-Kgo-(?Ofx' 



Now /i — /t B change in moment of inertia ) due to additic 
and &t — (?i — change in gravitational control J brass rod. 

The particulars of brass rod were as follows : 
Length 107 5 cm& 

Width 1*25 cms. (Negligible in calculating /.) 
Centre of gravity 8*62 cms. above axis. 
Weight 36*74 grammes. 
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Consequently 



Ix-I. = 86-74 j 8-62« + g (^^)"[ = 8,080 gi-amme cms. 

and 

&«-6,» 36-74 X 8-62 x 981 » 310,000 dyne cms./radian8, 

hence 

^ (2^)«j3,080} +310,000 (1-1 8)» ^r^ar^A / ^• 

O. = — 1-18'- 0-782' 706,000 dyne cm8./radians. 

Now one division on the B scale » *0086 radians, therefore 
restoring couple per division » 700,000 x -0086 = 6,090 dyne cms. 
Average of results by two methods ==6,120 dyne cms. per div. 

Then, as previously stated, a specimen of iron whose maximum 
permeability was known, having been determined by the ballistic 
galvanometer method, was placed in the instrument, and the BH 
curve obtained for it in the arbitrary units fixed by the scale 
diviflionB. This curve, corrected for demagnetisation, is shown 
in Fig. 5. 




It is seen that the permeability is a maximum in the neigh- 
bourhood of i7s2-8 divs. and B^IQ divs. 

The approximate values of B and H in CQ.s. units corre- 

SDonding to these scale readings were then determined firom 

the equations 

»_/ 

(1) Moment in dyne cms. 1*6 x 6,120 = ^— . 

(2) B = fl>i«Htf^, 
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where 



and 



H » strength of magnetic field, 
a = cross-section of specimen, 
I = effective length of specimen between magnetic polea 




Fig. 6. 

One division of H scale = ^00836 radians, 
therefore » 00836 x 2*8 radians, 

fi = 2,100, as determined by ballistic method 

B B 

Hence from (2) ^ - 2.IOO x -00836 x 28 " 491 ' 

The weight of the specimen was 1*14 grammes, the specimen 
was of uniform section and of specific gravity 7*78, hence 

, 114 
7*78 
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This is only approximate, since the assumption is here made that the 
effective distance between the poles is the full length of the sample. 
Inserting these values in (1) we have 

^^ re X 6,120 X m x 4nr x 778 ^ ^^^^^ 



B » 6,410, and H 



6,410 



3*06, or 1*09 gauss per div. 



B 




Kg. 7. 

The length of the sample was 7*62 cms., hence the cross-section 

114 

778 X 7*62 ' 

therefore Ba^ 6,410 x -0193 « 123*3, or 77 per div. of B scale. 

Hence to obtain B in any sample, multiply the B scale read- 
ing by 77, and divide by the cross-section of the specimen. 

Results Obtained. 

Figs. 6 and 7 shew examples of hysteresis cycles got with the 
instrument. 
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On the Action of Radium and other Salts on CMaJtin, By 
W. A. Douglas Rudoe, M.A., St John's College. 

[Read 29 January 1906.] 

On October 31st I gave a short account of some ezperimenis 
which I had made on the action of radium salts on gelatin. The 
present communication is a more detailed account. 

If a small amount of a . radium salt is sprinkled upon the 
surface of some sterilised gelatin, a rapid change is seen in the 
appearance of the latter where the salt touches it. A whitish 
sort of patch is formed under the radium and this patch extends 
and becomes nebulous and like an ordinary funras or mould in 
appearance. The growth goes on for about two aAy& 

The most convenient means of examination was to place the 
gelatin upon a glass slip, add a speck of radium preparaition, 
cover with a thin glass and examine with a half-inch power. It 
was then seen that around the radium the gelatin liquefied and 
a copious evolution of gas bubbles took place. At the same time 
a sort of ''growth" appeared, quite distinct from the bubbles, 
and spread round the particle of radium. The growth seemed 
like a mass of micrococci, and it slowly extended, reaching a 
maximum in about a day. On examining the growth with a 
high power, it appeared to consist of a coUectioD of cells resem- 
bling starch granules, and after a day or two something like a 
nucleus coula be seen. 

The idea has been advanced that these cellular growths were 
in some ways analogous to living cells. 

Many groups of cells could be seen, and especially pairs which 
looked as though a single cell had divided into two, but very 
careful watching showed no siras of any fusion actually occurring, 
and the fact that a " dumb-bell" arrangement was frequent^ 
found, appeared to the author to be purely fortuitous. 

As radium preparations are composed chiefly of barium it 
seemed likely that salts of the latter metal might be capable of 
acting on the gelatin, and on putting the matter to the test this 
was seen to be the case, and a growth was obtained which could 
scarcely be distinguished bom that caused by the radium. 

A close examination was next made with most of the metallic 
salts available in the laboratory, and besides radium and barium 
oidy strontium and lead salts yielded any definite results. 

Now gelatin contains sulphur as an essential constituent, and 
in the course of manu£ftcture is, I believe, treated with sulphor 
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dioxide in order to clarify and bleach it, therefore it seemed 
likely that the so-called growth originated about a precipitate 
of an insoluble sulphate, and this idea was substantiated by the 
circumstance that only those metals which form insoluble sul- 
phates could produce the growth. 

The formation of a cell round a particle of precipitate may be 
explained by an alteration in the degree of hydration either of 
the p'*ecipitate or of the surrounding gelatin, thus forming an 
empty space. It has been stated by Mr Burke that the cells 
disappear on heating. This of course would naturally be the 
case as the gelatin would melt and the vacuole collapse, and the 
small particle of precipitates might easily escape notice. 

Experiments were made with the object of ascertaining whether 
the gelatin could be rendered truly "sterile" to the action of 
radium salts. It was found that on adding a solution of either 
radium or barium salt to liquefied gelatin a precipitate was 
obtained, which varied in amount with different samples of 
gelatin. This precipitate was filtered off and was found to 
consist of barium sulphate in both cases. A clear liquid was 
secured by filtering through a porous tube under pressure. Drops 
of this liquid were allowed to set on glass slips, a speck of radium 
added, and the preparation watched under the microscope. No 
growth could be seen. This was to be expected, for the matter 
forming the precipitate having been removed the growth natur- 
ally could not form. On adding to this sterile gelatin a small 
quantity of a soluble sulphate, and testing with radium, the 
growth made its appearance. Solutions of other gelatinous and 
mucilaginous substances were used, such as sodium silicate, col- 
loidal calcium sulphate, starch, gum, etc. With sodium silicate 
and calcium sulphate, growths made their appearance, but this 
was not the case with starch or gum unless a small amount of 
soluble sulphate was present. If the solutions were made with 
tap water mstead of distilled water, the sulphate present in the 
'brmer was quite sufficient to cause a very perceptible growth. 

From these experiments it seems quite conclusive that radium 
has no specific action upon gelatin such as to lead to the for- 
mation of cells, and that any effect which may be seen is due 
to the barium, which makes up the greater part of the radium 
salt, acting upon the sulphur compounds present in the gelatin. 
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8u9ceptibiltty of Iron in Colloidal Solution. By K F. BuRiOK, 
Emmanuel College, and P. Phillips, Emmanuel College; 1851 
Exhibition Scholus. (Communicated by Professor J. J. Thoxson.) 

[Read 29 January 1906.] 

Introduction. 

Some years ago Townsend* made an ezhaustiye series of 
experiments on tbe susceptibility of aqueous solutions of various 
iron salts of both the ferric and ferrous type and was led to 
formulate two empirical formulae connecting the susceptibility 
of any such solution with the quantity of iron per cubic centi- 
metre in the solution. If £ is the susceptibility of a solution, w 
the weight of iron per cc, then, taking the susceptibility of pure 
water equal to — 7'7 x 10^, we have for ferric salts 

10^ A? = 2660 w- 7-7, 

and for ferrous salts 

lO' ifc= 2060 w- 7-7. 

Further Townsend found that, roughly, the magnetic properties 
of the various salts in the dry state are the same as when they 
are in solution. 

These results show clearly that the magnetization is entirely 
due to the iron, and is accurately the same whatever the acid 
radical connected with it so long as the iron remains either in the 
ferrous or ferric state. Assuming a similar formula to hold for 
pure iron in a solution, a simple calculation shows that the 
constant coefficient for *w* would be much larger than that in 
the above equations. Again, Townsend found that when iron 
appears in the acid radic^, e.g. in ferrocyanides, its permeability 
is less than -^ of the value when the iron plays the part of a 
metal in a salt. From these results we may conclude that, so hi 
as its magnetic properties are concerned, iron exists in four 
different states : (1) as pure iron, (2) as ferric iron in salts, (3) as 
ferrous iron in salts, ana (4) in the acid radical in salts. 

Iron exists in still another form — in colloidal solution — for 
which determinations of magnetic properties have been wanting. 
The purpose of the experiments recorded in the present paper 
was to nnd the susceptibility of a colloidal solution of iron in 
methyl alcohol and to deduce the formula analogous to Townsend's 
for iron in this state. The results show that the iron in the 
colloidal solution is over thirteen times as magnetic as that in 
ferric (or ferrous) salts — a conclusion which has an important 
bearing on the theory of the constitution of colloidal solutions. 

• " liagnetization of Liquids,*' Phil Tram. 1S7, A, 1S96, p. SSS. 
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Apparatus. 

On account of the extreme tenuity of the colloidal solution 
and the small quantity available, it was necessary to be able to 
make delicate measurements on small quantities of the solution. 
The method adopted was that first suggested by Lord Kelvin* 
and afterwards used by Wills f in his experiments on the sus- 
ceptibility of weakly magnetic solids and liquids. 

A general idea of the apparatus is given in Fig. 1. A rect- 





Fig. 1, 

angular slab (A) of the material whose susceptibility is to be 
measured, is so suspended from one arm of a balance (B), that its 
long axis is vertical and its lower face is in the strongest part of 
the field between the poles of an electromagnet. 

If A; s susceptibility of the material, 

A s area of the horizontal section of slab, 
Hi s magnetic field at bottom of slab, 
H^ = magnetic field at top of slab, 

then the pull, P, on the slab due to the magnetic field is given by 
the 'equation 

P= ^^ grams. 

In the present experiment the pole pieces were prismatic ones, 
whoee vertical faces were 7*5 cms. by 1 cm., the longer edges being 

* Brit, Atioe. Rep, 1890, p. 745. 

t WiUf, Phyi. Rev., April, 1898; ib, March, 1905. 
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horizontal. These were fixed once for all at a distance of 1'2 cms. 
apart. As the slab {A) was over 8 cms. long, H^ may be neglected 
in comparison with Hi, so that the expression for P becomes 

^" 2flr • 

In order to measure k for a liquid, the slab A is replaced by 
a small rectangular glass vessel, and the difference between the 
force on the empty vessel and that on the vessel full of liquid, 
gives the pull on a known slab of liquid. The internal dimensioDS 
of the vessel used were 3'01 cms. by '873 cms. by 8*0 cma, of 
which only the dimensions of the horizontal section need be 
known accurately. The vessel was filled through a small hole 
in the top, which could then be sealed up so as to prevent 
evaporation. 

The colloidal solution was prepared by sparking (40 volts, 
6*5 amps.) between two soft iron electrodes beneath the sur&oe 
of pure methyl alcohol, which was kept surrounded with ice. In 
order to estimate the quantity of iron per ac. in such a solution 
a measured quantity was evaporated in a previously weighed 
porcelain dish ; the residue was then heated to redness so as to 
convert it to Fe,09 and weighed. 

ExperimenUd JResults. 

The results will be tabulated under the following heads: 
(1) the measurement of the field between the poles, (2) the 
susceptibility of pure methyl alcohol, (3) the susceptibility of the 
colloidal solution, and (4) the deduction of the Constant in the 
Townsend formula. 

1. MecLsurement of Field. 

The field was measured by finding the pull exerted by it upc«L 
a conductor carrying a known current, and placed horizontally 
between the poles. A block of wood having the same external 
dimensions as the glass cell to be used, was made so as to permit 
it to hang between the poles in exactly the same position as the 
cell itself. Around the two vertical edges and bottom of this 
block was pasted a continuous strip of tin-foil ; to the upper ends 
of the foil wires were soldered, and then .led out so that any 
desired current micfht be passed through the foil. If the current 
carried by the foil be i amperes, the length of the horizontal 
portion of the foil be I cms., then the pull, P, in grams exerted by 
a field (H) on the lower horizontal strip of the foil will be given 
by the equation 
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As wood is itself slightly diamagnetic the field will exert a 
force on the block even with no current through the foil — an 
effect which must be taken into consideration. Table I nves the 
weights which were necessary to counterbalance the block of 
wood, with no current passing throu&^h the tin-foil, when different 
currents were sent through the cous of the electromagnet. In 
column III are recorded the pulls exerted by the fields of different 
strengths on the block of wood. 



Table I. 
Susceptibility of Wooden Block; no current in foil. 



Cnrrentfor 
Bleoftromagnet 


Coanterbalanoing 
weight 


Pnll due to the 
Magnetic Field 


am{ 

8 




>^res 


39-053 grains 
39-023 „ 
39-054 „ 


— '031 grams 


9-9 , 




39-016 „ 


-037 „ 







39-053 „ 


11-8 , 





39-012 „ 
39-054 „ 


-042 „ 


15 , 





39-001 „ 
39-052 „ 


-•061 „ 


17 





38-996 „ 
39 052 „ 


-056 „ 



In Curve I the numbers given in columns I and III are plotted, 
the abscissae being currents and the ordinates the weights in 
milligrams. From this curve we may deduce the pull when any 
intermediate current is sent through the magnet 
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A measured current was then passed through the tin-foil and 
similar readings taken, the results being given in Table II. 

Table IL 
Farce an Black and Oanductar carrying CurranL 



Giin«iit in Foil in 
miUi-amp^TM 


Current fbr 
Magnet 


Weii^tinPm 
in grama 


PoU dne to Field 
In grama 


40-7 
40-6 
40-6 


Oan 

B , 
, 


ips. 


39054 
39160 
39053 


+ -107 


40-6 
40-7 


10-2, 
, 




39-168 
39-053 


+ •115 


40-7 
40-9 


12 , 
, 




39-170 
39-053 


+ 117 


40-8 
40-8 


14-9, 
, 




39170 
39053 


+ -117 


40-8 
40-9 


17-4, 
, 




39173 
39052 


+ •121 





, 




39052 





Table III. 
Calculated Values of Field 



Gorrent in 
Electro- 
magnet 


PoU on wood 

with no oarrent 

through Foil 


Pnll on bloek 
with eorrent 
through Foil 


Pnll dne to 

oarrent in 

FoU 


Stni^of 

Field, 

lOPglU 


8 amps. 
10-2 „ 

12 „ 
14-9,, 


— 031 grm. 
-038 „ 
-•043 „ 
-051 „ 


+ -107 grm. 
+ •115 „ 
+ 117 „ 
+ •117 „ 


+ .138 grm. 
+ 153 „ 
+ 160 „ 
+ •168 „ 


10200 imitB 
11300 ,, 
11790 „ 
12360 „ 



Table III prepared from the two former tables gives in 
column IV the force due only to the current through the foil aod 

in column V the calculated values for the field, Le. -p-^ , corre- 
sponding to the different values of the current through the 
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electromagnet. Curve II» which shows the values of the field 
plotted afi^dnst the current, enables us to deduce the field 
corresponding to a given current through the magnet. The length 
of the horizontal portion of the tin-foil strip was 3*27 cms. 
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2. Susceptibility of Methyl Alcohol 

In order to determine this we have again to make two sets of 
readings, firstly, the values of the forces exerted on the emptv cell 
bv any field, and secondly, the analogous values for the cell nill of 
alcohoL 

Table IV, which is exactly analogous to Table I, shows that 
the empty glass cell is slightly paramagnetic. 



Table IV. 
Susceptibility of Empty Glass Cell. 



Owient in ElMtromagBet 


Weight in Pan 


PoU dae to Field 


uupdreB 

8 „ 

9-9 „ 

11-75 „ 

I486 H 
,, 


45-8963 grams 
45-9063 „ 
45-9070 „ 
45-9080 „ 
45-9095 „ 
45-8963 „ 


+ -0100 grams 

+ -0107 „ 
+ •0117 „ 
+ •0132 „ 



The cell was removed, filled with methyl alcohol, sealed up 
and a similar series of readings taken for the full vessel. These 
are given in Table V. 
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Table V. 
Farce on CeU full of AUokol. 



Gomnt in Eleotronuignet 


Weight in Pan 


PoU due to Field 


amperes 

„ 
11-9 „ 

„ 
14-8 „ 


61-8212 grmms 
61-7440 „ 
61-8212 „ 
61-7290 „ 
61-8211 „ 
61-7171 „ 
61-8212 „ 
61-7022 „ 


- -0772 gFuni 
-•0922 „ 
-•1040 „ 
-•1190 „ 



The results recorded in the Tables IV and V enable ns to 
deduce the pulls exerted by the magnetic fields on the methjl 
alcohol alone and, consequently, to calculate the values of the 
susceptibility of the alcohol from the equation given above, 

These values are given in Table VI. 

Table VI. 
Susceptibility of Methyl Alcohol. 



Field in 

0. G. 8. 

nnite 


Poll on 
FnllOeU 
in gnune 


Poll on 

Empty Cell 

in gnuni 


Pall on 

Methyl AL 

in gxmme 


Bnioeptihility 
ofAJoohol, 


10,070 
11,220 
11,750 
12,330 


- -0772 
--0922 

- 1040 
-1190 


+ 0098 
+ -0107 
+ •0118 
+ -0132 


- -0870 

- -1029 
--1158 

- 1322 

Mean value 


- 6-34 X 10-' 

- 6-13 X W 

- 6-27 X lO-' 

- 6-49 X 10-' 


- 6-31 X 10-' 



The mean value is in close agreement with those giveo hj 
Winkelmann* for methyl alcohol : 

Quincke - O'S x lO"^, Henrichsen - 6*1 x 10"*. 

A slight difference in the purity of the alcohols would aoooant lor 
such small variation in these values. 

• HandXmeh der Ph^Hk, m. 9, pp. S06-9. 
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3. Susceptibility of Colloidal Solution of Iron. • 

The cell was next filled with some of the colloidal solution 
which had been prepared in another portion of the same sample 
of methyl alcohol. A difiSculty soon presented itself because the 
strong magnetic field soon pulled some of the iron to the bottom 
of the cell, so that a protracted series of readings could not be 
made. Weighings were therefore made so as to get exactly the pull 
due to one certain field — that with 7*9 amperes through the 
magnet With the cell freshly filled with colloidal solution the 
difference between the counterbalancing weight when there was 
no current in the ma^et and that with 7*9 amperes, was determined 
as quickly as possible. The cell was then emptied, rinsed out %nd 
refilled with fresh solution and the counterbalancing weight with 
no field on was again found. By the help of the former reading 
the balance could be set approximately at the weight required to 
counterbalance the cell with the magnetic field on. In this way 
the required weight was obtained in a few seconds and so the 
error introduced by coagulation of the particles was nearly 
obviated. 

It was found that the pull due to a field of 10140 units on the 
cell full of colloidal solution was — 0565 gram. From Table IV we 
see that the pull exerted by this field on the glass cell alone is 
+ '0100 gram. The pull on the colloidal solution is therefore 
— '0665, from which, by use of the formula 

we find that ifc = - 483 x 10"^ 

4. Townsend formula for Colloidal Solution of Iron. 

60 C.C. of the above solution gave '035 gram of FcaO,, which 
gives the weight of iron per c.c. to be 44 x 10~* grams. 

Assuming the same form of equation as that given by Towns- 
end for ferric solutions we have 

10* A? = (7. w + [susceptibility of solvent (A,)]. 
For the particular case here given we have 

* = -4-83x10^, 
A, = - 6-30 X 10^, 
«;= 44xl0-«. 
From which we get 

(7 » 33,400. 

This value of (7 is 13 times the corresponding number for ferric 
solutionB and 16 times that for ferrous solutions. 
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This leads us to enquire as to the force which a given mag- 
netic field would exert on the colloidal solution if the particles 
were small spheres of pure iron. 

If n » number of particles per unit volume, 

A s cross-section of the cell, 

M = magnetic moment of a small spherical particle, 

then the pull dP exerted by the magnetic field iT on an 
elemental horizontal layer of thickness dg would be 

Now M=Iv, where / is the intensity of magnetisation in the 
sphere and v is the volume of the inhere. Substituting this value 
of Jf in the expression for dP and mtegrating we have 

P = nv.-j "/dir. grams = nt;-(fla-ir,) 1660, 

for / may be taken at its limiting value about 1650. «n is 

equal to the volume of iron per cc. of the colloidal solution, 

44 X 10~* 
i.e. ^ CCS. A as before is 2*63 sq. cms. Supplying these 

values in the expression for P and neglecting Ht in comparison 
with ^i(== 10000) we have P = '243 grams. Since the actual 
pull exerted by this field on the cell, full of colloidal solution, was 
-0870 - '0665 = 0205 grams, it is quite evident that the particles 
do not consist wholly of pure iron. 

These results leetd to the following alternative conclusions 
regarding the state of iron in colloidal solution : (1) the particles 
in suspension are made up uniformly of iron which is in a con- 
dition in which it has magnetic properties different from those of 
iron in any state of combination which has been studied; or 
(2) each particle consists of a core of pure iron surrounded bj 
a layer of some compound of iron, e.ff. hydroxide. 

In conclusion we wish to acknowledge our extreme indebted- 
ness to Prof Poynting for so kindly placing at our disposal the 
resources of the Physical Laboratory at the University of Bii^ 
mingham, and we desire to express our thanks to Mr Q. F. C. 
Searle for some helpful suggestions. 
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A method of following the course of certain chemical ojctions, 
and a period of induction in the action of excess of water on 
monocUoracetic acid. By P. V. Bevan, M.A., Trinity College. 

[Read 12 March 1906.] 

The eicperiments which are described in this paper arose from 
an endeavour to trace the initial course of the action of water on 
monochloracetic acid, with a view to testing the theory that, in 
actions of this tvpe where a double decomposition takes place, the 
first stage of the action is an association of the two reacting 
molecules. In certain other chemical actions, especially the union 
of hydrogen and chlorine, an induction period, a period during 
which the action does not go on with the maximum velocity under 
the conditions of the experiment, is observed. This induction 
period admits of explanation if we assume that the first stages of 
the action consist in a union between the reacting molecules, or 
of these with other molecules, to form a molecular aggregate, 
in which the individual atoms can come into each other's spheres 
of action. The action then would go on by a breaking down of 
these a^i^gre^tes giving rise to the final products. 

It IS difficult to form a picture of the process of such actions, 
unless something of this kind takes place, as for example in the 
case of hydrogen and chlorine when we have the two perfectly 
stable svstems which in a pure state shew practically no tendency 
to comoine even under the influence of light. And in such an 
action as that of monochloracetic acid and water it seems probable 
that, for a pair of molecules to react, they should first ^t into 
some more intimate relation than that simply of a dissolved 
molecule and molecule of solvent. The action takes place accord- 
ing to the equation 

CH,C1C00H + H,0 = CH. . OH . COOH + HCl, 

glycoUic acid and hydrochloric acid being formed. This action 
has been studied*, and it has been found to follow the normal 

* Baohanaii, BeriekU, it. 840, 1871. Van 't Hoff, StudUi in Chemical 
Dymumef, p. 14. 
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monomolecular course when the water is in large excess. The 
method adopted by Buchanan was to titrate a specimen of the 
reacting mixture, at various times after the beginning of the 
action, in order to determine the acidity of the mixture. Since, 
as a result of the action, we have two molecules of acid for one at 
the beginning, these titrations give a measure of the proportion 
of monochloracetic acid decomposed. It occurred to the author 
that a determination of the conductivity of the solution in whidi 
the action was taking place might be a delicate method of finding 
the amount of decomposition that had occurred at any instant, 
and that this method would afford a means of studying the initial 
stages of the action, a part of the action to which the titration 
method is by its nature inapplicable. One obvious advantage 
of such a method is that the action can be allowed to progress 
steadily and need not be disturbed at all during the course of an 
experiment. 

The resistance of the solution was measured by the conunn- 
tator method of Fitzpatrick, and this was found to give results of 
more than sufficient accuracy. The regulation of temperature, 
with the thermostat used, was not sufficiently delicate to justify 
the accuracy that could be obtained in the resistance measnie- 
ments. The thermostat was used with a toluol regulator, and tiie 
temperature, except in case of accident, did not vary more than 
one-fifth of a degree centigrade through an experiment lasting 
some days. The temperature at which the action was conducted 
was 90" 0. 

Assuming that the action is a monomolecular one we should 
have, if a; be the quantity of monochloracetic acid decomposed, 

fl? = a (1 - e"**), 

where a is the initial quantity of monochloracetic add and k the 
velocity constant for the reaction. The constant k is independent 
of the initial concentration provided that the water is in large exoeas, 
which was always the case in the present experiments. The pro- 
portion of monochloracetic acid was never more than 4 grammei 
to a litre of solution. 

The following table gives the results obtained for an ezpen- 
ment in which the action was allowed to progress nearly to an 
end. The first column gives the time from the beeinninff of die 
action, the second the observed resistance, the thira the chaDge of 
conductivity, and the last the value of k obtained from the 
expression 

ib«Tlog . 

The monochloracetic acid was fireshly distilled and dissolved 
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in water at 90** C. and as quickly as possible introdaced into 
the conductivity vessel The initial resistance was obtained by 
plotting a curve for the first few values of the resistance observed 
and producing it backwards to the resistance axis. There is of 
course some uncertainty in the early values of the resistance as 
the solution at first is probably at a temperature slightly below 
90*0. 



Time in hours 


Observed 
Beaistanoe 


GhADge of 

Gonduotiyity 

xlO« 


ibxlO« 


•80 


367-0 


101 


31 


2-7 


323-5 


391 


36 


31 


310-5 


520 


42-2 


5-6 


2780 


897 


41-2 


6*6 


266-5 


1052 


410 


22-2 


174-6 


3080 


38W 


27-2 


152-4 


3862 


401 


29-4 


146-10 


4144 


40-4 


45*6 


114-20 


6055 


40-8 


52*2 


105-35 


6793 


41-3 


71 


88-44 


8600 


41-9 


75-8 


85-50 


9000 


41-8 


101-2 


73-53 


10920 


41-1 


1241 


67-27 


12100 


40-5 


144-3 


63-91 


13100 


42-2 


166 


59-71 


14000 


430 


190-4 


57-38 


14730 


42-4 


220-5 


5511 


15440 


431 


239-9 


54-16 


15760 


43-2 


265-8 


5314 


16120 


43-2 


287 


52-59 


16320 


42-6 


336 


51-81 


16600 


40-8 » 


364 


51-68 


16650 


39-9W 


404-3 


50-70 


17020 


42-7 



(^) The tempentore when this reading wm taken had faUen to SS^G. 

^ Towarda the end of the experiment a babble of gas had formed in the resist- 
anee Tesael and this made the resistance for these two readings too high. This 
bubble was got rid of before the last reading. 

The yalne of k dednoed from these experiments is 49*5 x 10~^. 
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In figure (1)* the curve 

y s 1 — e^ is plotted. 

This correspouds to the observations if we make 

X » 00425 1, 

C 
^"17350' 
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where C iathe change of conductivity ipultiplied by 10*. 

The points representing the experimental numbers are found 
to lie very well on the curve. 

It is interesting to compare the values for the constant of ^he 
action by this method with those obtained by Buchanan. The 
following table f contains Buchanan's results for the action at 
100* C. 



( 


ikxlO* 


2 


15-8 


3 


195 


4 


19-2 


6 


170 


10 


18-4 


13 


17-6 


19 


17-3 


25 


16-5 


34-5 


18-7 


43 


15-5 


48 


15-9 



The constant here obtained is plainly not so good an that on 
p. 271. 

We may conclude then from this experiment that this method 
enables us to follow such an action, and in virtue of the fiact that 
the change of conductivity is so large we can observe closely the 
initial stages of the action. 

Experiments were made with solutions of different strengths 
and readings of the resistance were taken as soon after the begin- 
ning as possible. 

* In Figure 1 the oontinafttion of the oorve is traDsferred to the left-hand side 
of thefignre. 

t Oetwidd, Lehrbueh der AUgemeinen Chemie^ Verwandtehaftilehre, p. 90S, and 
Van *l Hofl, Stmdie$ in Cheinieal Dynaaiiet, p. 14. 

VOL. Xlll. FT. V. 19 
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The following table contains the results of two such experi- 
ments. In the first column is the time from the beginning, in the 
second the observed resistance, and in the third the conductivity. 



rhoon 


R 




CondnotiTitj 
xl0» 


T 
minatM 


1 
R 


Ghangeof 

GondoetiTitj 

xlO* 


•036 


247-2 


4046 


9 


200-2 


4996 


•067 


247-0 


4049 


10 


200-0 


5000 


•129 


246 


4065 


13 


199-5 


5012 


•177 


245-5 


4074 


16 


199-4 


5014 


•253 


243-7 


4103 


18-3 


199-0 


5025 


•396 


238 


4202 


22 


198-4 


5044 


•484 


2350 


4255 


23-5 


1981 


5048 


•580 


232-6 


4299 


26 


197-6 


5060 


•650 


230-5 


4339 


2725 


194-7 


5067 


•790 


226-5 


4419 


39 


1920 


5208 








42 


191-0 


5236 








45 


191-0 


5236 








46 


190-2 


5258 








49-5 


189-5 


5276 








50-5 


1890 


5291 








53 


1880 


5319 



These results are plotted in figures 2 and 3. It is obvious 
from these curves that we have not, in the initial stages of the 
observations, the increase in conductivity to be expected if the 
action at once begins as a monomolecular one. We nave to con- 
sider what effects we should expect at the begmninff of the action 
which might be due to the conditions not Ming the steady ones 
attained a short time after the action has commenced. F irstlyy 
the temperature of the solution would probably be rather below 
the steady temperature as the solution has to be made, and in 
transferring it to the conductivity vessel its temperature would 
fall slightly. This was avoided as far as was possible by perform- 
ing all operations in the thermostat. But any effect due to this 
cause would be in the opposite direction. For if initially the 
temperature were too low the conductivity would be less than the 
proper amount, and as the solution attamed the steady thermo- 
stat temperature the conductivity would shew a faster rate of 
increase than if the temperature all through were constant 
Secondly, we might have an effect due to incomplete mixing of 
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•S '4 

Time in houn 



Fio. 2. 




Time in minutee 



Fio. 8. 



19—2 
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the solutioD. The solution was made in a beaker in the thermo- 
stat, and was well stirred before being pUoed in the conductivity 
vessel to have a well-mixed solution when the observations were 
made. But in this case also any effect would be to make the initial 
resistance too great, and therefore the initial conductivity too small, 
so that as the mixing became more complete the initial rate of 
increase of conductivity would be too great. These two purely 
practical causes would then lead to a diminution of the indnctioo 
effect rather than to its production. 

There remains another consideration* It is well known that 
with very dilute solutions the molecular conductivity decreases 
rapidly with increasing dilution. When the action begins the 
hydrochloric acid is for some time present in very small quantitieB, 
and it might be thought that some effect of this kind might give 
too slow an increase of conductivity initially. To decide this an 
experiment was performed in which the solution was made with 
a dilute solution of hydrochloric acid instead of water. In this 
case the hydrochloric acid was present already in sufficient quantity 
for any addition to it to proauce an additive effect in we con- 
ductivity. The following table gives the results of this experiment 



Time in minotes 


Condaotivity y 10* 


51 


3973 


6-5 


3972 


12-5 


3978 


15-5 


3981 


17-7 


3984 


19-5 


3989 


21-3 


3992 


23-8 


3997 


271 


4004 


30-8 


4013 


32-8 


4020 


41 


4037 


43-5 


4046 


44-8 


4049 


49-2 


4057 


55-2 


4074 


58 


4082 


62 


4090 


64-6 


4098 


68 


4107 
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These results are plotted in Fig. 4 and shew clearly that here 
also we have the same period of induction, or period when the 
action has not attained its normal velocity. 

We may conclude therefore that the period of induction as 
observed is a regular part of the action. 
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The occurrence of this period of induction shews that to regard 
the action as a simple monomolecular action is not a complete 
view. If we assume that the first action is an aggregation of an 
HtO and a CH,C1C00H molecule, and that an unstable compound 
is thus formed which tends to break down into glycollic acid and 
hydrochloric acid, we should necessarily have a period of in- 
duction ; and after a short time the action could progress in the 
rdinanr monomolecular way. For suppose m is the number of 
molecules of the original acid present, y the number of molecules 
of the complex, and z the number of molecules of hydrochloric acid 
or glycollic acid present, then the mass action law gives us 

dy , dz 
iz , 



and therefore 



S-*'*-*^- 
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Hence if ifc^ is large compared with ki, that is the rate of de- 
composition of the aggregate is large compared with its rate of 
formation, which is quite possible as its breasdown is in a different 
way to the mode of its formation, 

|bzerowhen|-| (1). 

dz , 
and -ji ■■ A:,df, 

so that we should have the action progressing after the short 
time necessary to reach the stage (1) as a monomolecular reactioD. 

fie ilx 

Initially -^ is zero, as y is zero, and the velocity -^ increases 

until we reach the limiting value of y. 

In these experiments, in order to observe the initial stage the 
action was allowed to proceed for some days to see if the same 
constant for velocity would be obtained as in the first experiment 
detailed, and also to see whether the additional hydrochloric add in 
the last experiment affected the general rate of the action. 

As the action takes a very considerable time to be nearly 
completed it is necessary to find the value of the final oonductirity 
from experiments reached in a finite time. This can be done by 
taking two observations at times such that one is twice the other. 
Suppose that as before a is the final value of the increased con- 
ductivity, Xi the conductivity increase corresponding to time ^, 
and Wf that to ^, then we have 

1 , a 1 , a 
7 '^? J"^ « 7 log 



and if t,««^ 

a ^ |_?L_4* 
a — ^ (a— flfij 

whence a (2a?, — «i) « Wi\ 



ar,« 



so that a = - — - 

We find in this way for the experiment of figure 3 the results 
in the following table, with a » 5460. 
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Time in honn 


Change of 

Gondaotivity 

xlO» 


k 


1 

19-6 


974 


43-5 


22 


1077 


43-4 


28-5 


1350 


43-7 


46 


1992 


42-8 


731 


2708 


410 


97-5 


3274 


40-8 


141-8 


3970 


40-2 


169-7 


4283 


39-5 


193-7 


4576 


41-2 


215-8 


4723 


40-6 



And ako for the experiment in which initially hydrochloric 
acid was present (Fig. 4). 

a =16600. 



T 


Change of 

Gondaotivity 

xlO« 


k 


21-25 


2696 


38-7 


22-5 


2987 


410 


24-8 


3246 


41-6 


45-26 


5487 


41-7 


49-3 


5878 


41-8 


92-75 


9207 


41-8 


100-2 


9627 


41-7 


121-4 


10667 


41-0 


145-6 


11770 


420 


165-4 


12490 


42-5 



The values of the constants obtained are practically the same 
as those found in the first experiment, the results of which are 
represented in Fig. 1. 

We see therefore, as we should expect, that the velocity constant 
is not dependent on the strength of the solution, and also that the 
presence of additional hydrochloric acid does not alter appreciably 
the velocity constant. 
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This method is applicable also in other cases where the action 
is characterised by a chancre of oonductiirity in the medium of the 
action. One such action is the inversion of cane sugar under the 
catalytic action of hydrochloric acid. The amount of water present 
here is affected by the combination of a molecule of water and 
a molecule of the sugar, and the conductivity changes in con- 
sequence. A change also may be produced by the suteration of 
the sugar in the solution. But in any case the change of con- 
ductivity affords a method of observing the change. In the 
following experiment the resistance was measured by the Kohl- 
rausch method with a telephone and alternating current This 
method is not so accurate as the commutator method, but it gives 
results which are fairly satisfactory. The author is investi^ting 
further some points in connection with this action with a view to 
understanding this kind of catalytic action, and the experiment 
here described is a preliminary one to find whether the action 
could be thus investigated. The results are given in the following 
table ; in the first column the time from tne banning of the 
action and in the second the observed resistance. 



iNYBBSIOy OF SUQAR. 



Time 


Besistanoe 


Time 


Besittaoee 


•13 


134-2 


91 


137-80 


•6 


133-2 


92 


137-74 


1-0 


133-9 


97 


137 87 


2-33 


134-0 


115-5 


13813 


4-6 


134-0 


121 


138-00 


19-25 


135-3 


137-5 


138-06 


23 


135-3 


139-75 


138-19 


4125 


136-33 


142-0 


138*25 


41-75 


136-52 


145-0 


138-21 


43-75 


136-60 


163-0 


138-27 


67-5 


137-30 


186-0 


138-36 



In Fig. 5 the curve 



y-(l-«-) 



is plotted. The change of conductivity corresponding tot^^oo is 
262. In the figure the changes of conductivity are divided bj 
262 and the times in hours by 10*45. The points are seen to lie 
irregularly about the curve. 
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Fio. 5. Coiuiiiclivtty of irwerHng iolution. 



Summary of Beaults. 

The measurement of conductivity affords a delicate method of 
tracing the course of certain reactions. 

In the case of the action of water on monochloracetio acid, the 
action as a whole proceeds as a monomolecular reaction, but there 
IB a period of induction. 

This induction period may be explained by assuming that the 
first stage of the action is the formation of an additive compound 
of a water molecule and a monochloracetio acid molecule, this 
additive compound then breaking down yieldiug a molecule of 
glyoollic acid and hydrochloric acid. 
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The Radio-actimty of Metals and their SaUa. By Noricam R. 
Campbell, M.A., Tnnity College. 

[Read 12 March 1906.] 

1. Considerable evidence has accunoulated in favour of the 
view that all elements are truly radio-active. It has been shown 
that ordinary metals emit a radiation analo20us to that emitted 
by radium, and that the properties of this radiation are characia- 
istic of the metal from which it proceeds. But there is a 
remarkable property of radio-activity which sugrosts a question 
that may be asked and can be answered before tne source of the 
activitv of ordinary materials can be regarded as estabtished 
beyond doubt. 

It is known that the activity of radium and uranium is an 
atomic propertv : the activitv of any substance containing these 
elements is inaependent of its chemical and molecular couditioo, 
and depends only on the quantity of these elements which it 
contains. Is this law true for ordinanr materials? Could ve 
predict (say) the activity of lead oxide Irom the known activitieB 
of lead and oxygen? The experiments described below are an 
attempt to answer this question. 

We need only take into account the a radiation, for the analogy 
of radium leads us to suppose that the energy contained in any P 
or J rays that may be emitted will be infinitesimal compared to 
that carried by the a ray& 

2. It has been shown* that the ionisation (p) caused by the 
a radiation from an infinitely thick slab containing a radio-active 
substance is given by 

p-^ CkaA, 

where (7 is a constant, k the mass of the radiating material con- 
tained in unit mass of the slab, a Bragg's constant for the laji 
emitted by that material and A a quantity measuring its activity 
in terms of the ener^ given off from it The activity {pum—)^ 
a slab composed entirely of several radiating elements u^ v, w, etc. 
will be given by 

where the suffixes denote the element to which each quantitj 
refers. Now the ionisation caused by a slab composed entirely w 
one of the elements (u) will be given by the relation 

Pu = OouAu, 



* PhiL Mag. Feb. 1906, p^ 210. 



The Radio-activity of Metals and their Salte. 283 

since for a slab composed of one material throughout k^l: hence 

Phvu,'" = C{Kpy, + k^p^ + k^p^-^ ... ). 

We see then that if we know the iouisation caused bj slabs com- 
posed entirely of each of the elements we can predict the iouisation 
caased by a slab containing them in any known proportion, on the 
assumption that the activities are uninfluenced by their state of 
chemical combination. The comparison of the activities calculated 
with those observed will serve to test the truth of the assumption. 

3. The chief part of the apparatus used in these measure- 
ments is a wooden box, the internal dimensions of which are 
40 X 40 X 22 cms.: it is lined with zinc sheet: a drawer 8 cms. 
deep, lined with aluminium foil, slides into the bottom of the box : 
in this drawer are placed glass trays 0'15 cm. deep and 36 cms. 
square, containing the material the activity of which is to be 
investigated. A sheet of iron wire gauze of 0'15 cm. mesh is fixed 
across the box at such a height that it just touches the surface of 
the glass trays when these are in position : in the space above the 
gauze is an electrode of coarse wire netting, supported by a wire 
passing through insulation in the side of th^ box and connected to 
the measuring device described in Proc. Camb, Phil, Soc, Vol. xiii. 
p. 132, which proved exceedingly suitable for these experiments. 
The lining of the top part of the box is kept at a potential 
suflBcient to send a saturation current through the gas : the lining 
of the drawer is earthed. It is found necessary to keep a rapid 
stream of air passing continually through the vessel in order to 
keep the current constant: this air is deprived of its free ions 
by passage through a tube in which it is subjected to a strong 
electric neld. 

4. It is clear that by measurements with such a vessel it is 
only possible to find the aifference of activity of two bodies placed 
suocessivelv beneath the gauze. In order to find the absolute 
activity ot any one material it is necessary to use a material 
which has no activity at all: but no such material is known. 
Moreover it is necessary to have some solid body constantly in this 
position, for ions can be dragged through the meshes of the gauze 
and the current to the electrode changed thereby. But since it is 
impossible to use a body without any activity whatever, the best 
that can be done is to use a body the activity of which is as small 
as possible. The most satisfactory material for this purpose was 
found to be carefully cleaned glass plates : no material has been 
investigated which possesses a smaller activity. The error intro- 
duced by assuming that the glass has no activity will be that 

caused by regarding r as equal to r, where c is at most one- 



284 Mr Campbell, 

fifth of a or &. Some estimate of the activity of the glass was 
obtained by comparing the increase in the ionisation which should 
be caused by the radiation from a lead plate of the size used, 
calculated from the results given in Phil Mag,, Feb. 1906, p. 217, 
with the observed difference between the ionisation when the lead 
plate was in the tray and when the glass tray was empty. The 
agreement was suflBciently close to show that the activity of the 
glass could not be a large fraction of that of the lead. 

5. The whole of the measuring box was enclosed in a thick 
screen of iron, suflScient to absorb nearly all the penetrating 
radiation from outside : no appreciable amount of the total radia- 
tion from the materials coula be secondary radiation excited from 
outside. 



6. In making the measurements the ionisation in the vessel 
observed when the clean ^lass tray was in position in the drawer: 
the tray was then filled with the material under investigation and 
the measurement repeated. These observations were taken alter- 
nately several times, and the mean of the differences in the currents 
through the gas was taken as a measure of the activitv of the 
matenal. The quantities to be measured are so small that it is 
impossible to attain great accuracv. The whole increase of current 
caused by the radiation from lead, the most active mat^ial 
investigated, was only 10 per cent, of the whole current through 
the vessel. The current could be measured with an aocuracv of 
1 per cent.: this is 10 per cent, of the effect caused by the lead 
and a much larger percentage of the effect caused by many of the 
materials investigated. Ihe experiments require considerable 
time for their performance to this degree of accuracv : work has 
been much delayed by the difficulty of avoiding spurious activity 
derived from the air of the laboratory, but it is hoped that these 
difficulties have been overcome. 

7. The table shows the results obtained. The first oolumn 
shows the material investigated : the second the activity of a slab 
of that material in arbitrary units. The third gives the activity 
calculated on the assumptions that the activity of the metal is 
correctly given in the second column, and that the whole activity 
of the compound is due to the activity of the metal contained in 
it. It will be seen that the onljr elements occurring besides the 
metals are sulphur and oxygen : it is known that the activities of 
these elements are very small — too small to be measured, at least 
by this method : but their activity must contribute something to 
the total, and hence it is to be expected that the observed activitiei 
will be slightly too high. 
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Table I. 



Lead 
PbSO,(l) 
PbSO, (2) 
PbSO^ (3) 
PbO 


9-3 

6-8 
7 
7-2 
8-2 


6-4 

6-4 
6-4 
8-6 


Tin 

SnS(l> 
SnS (2) 
SnS (3) 


4-4 
4-1 
3-9 

3-8 


3-4 
3-4 
3-4 


Bismuth 
Bi,0. 


60 
5-7 


5-4 


Mercury 

Hg,0 

HgO 


0-9 
0-5 
0-6 


0-86 
0-84 



8. I think it will be agreed by those who have had experi- 
ence of the difficulties of similar measurements that the agreement 
is BufficieDtly good to confirm the theory that the activity of the 
common elemente, like that of the radio-active elements, is an 
atomic property. It must be remembered that an activity repre- 
sented on tnis scale by 05 can only just be detected: the devia-: 
tions of observation and theory do not amount to much more than 
this quantity. Only in the case of mercury are the deviations 
iBXge in relative, though not in absolute, amount. It should be 
noticed that the whole activity of mercury is just on the borders 
of the sensitiveness of the method. 

9. Attention must be drawn to the agreement of the values 
obtained for each of the three samples of lead sulphate and each 
of the three samples of tin sulphide. In the case of each metal 
'the three specimens were prepared from the same solution by 
tliree distinct methods. In the case of lead the samples were 
prepared as follows: — 

(1) By direct precipitation of lead acetate by sulphuric acid 

(2) By precipitation with hydrochloric acid and subsequent 
oonversion into sulpnate by boiling with sulphuric acid. 
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(3) By precipitation with sodium carbonate and conversioii 
into sulphate as in (2). 

In the case of tin the three methods were : — 

(1) Direct precipitation of tin chloride with hydrogen 
sulphide. 

(2) Precipitation with potash : solution in hydrochloric add 
and precipitation with hydrogen sulphide. 

(3) Precipitation with sodium carbonate and subsequent 
treatment as in (2). 

As far as is known the solutions from which the salts were 
derived were not made from the same samples of the metids as 
those used in testing the activities of the metals. The identity of 
the properties of samples prepared by different methods seems to 
be as conclusive a proof as could be given that the activity of the 
metals is not due to a contained impurity but to an intrinsic 
activity of the metals themselves. There is only one suggestion 
that could be made for avoiding this conclusion. It might be that 
the very small quantity of radio-active impurity that would be 
required to account for the observed effects might not behave like 
a true chemical substance but might be dragged down by any 
precipitate that was formed in the solution. Something of this 
kind has been observed in the case of the disintegration products 
of thorium. To ascertain whether such an explanation were 
possible additional experiments were made. In the case of lead, 
about one ounce of the sulphate was precipitated from a solution 
containing four pounds of the acetate : if tne activity were due to 
impurity the whole activity of the solution ought to have been 
concentrated in the small precipitate. Measurements showed that 
this was not the case. In the case of tin, calcium chloride was 
dissolved in the tin solution and sodium sulphate added. The 
precipitated sulphate showed no abnormal activity. 

10. If similar measurements had been made of the activity of 
thorium prepared in different ways the activities of the samples 
might not have been the same, for some of them would have con- 
tained the thorium X and some would have been free from it 
Hence the agreement of the samples in these experiments shows 
that if there is such a thing as lead X having an activity different 
from that of lead, it is present in quantities too small to be sepa- 
rated and detected by this method. This might have been ex- 
pected, for it is probable that the change of lead is so slow that no 
sample of it existing on the earth has attained, or nearly attained, 
radio-active equilibrium*. 

* See Jahrbuch der Radioaetitntdt, n. 4, p. 469. 
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11. It would be interesting to inquire whether the examples 
>f the same element when exercising different valencies would 
exhibit the same activities. The case of mercury shown in the 
tftble yields no certain result, for the activity is too small for any 
lefinite statements to be made about it. Further investigation 
into this question is in hand. 

The question also arises naturally whether any relation can be 
braced between the activity of a metal and its other properties, 
for instance its position m the periodic arrangement of the 
slementa No such correlation is apparent at present, and indeed 
bhe results obtained seem diflScult to reconcile with any connec- 
tion of the kind. The number of metals examined at present is 
insufficient to enable any definite statements to be made; but 
progress will be easier now that it has been established that the 
Bbctivity is an atomic property. Many elements, which it is very 
desirable to establish from this point of view, such as the alkali 
metals and the halogens, could not be tested before, because it 
was impossible to use them in the elemental state. Now they 
can be examined in the state of compounds. It should be pointed 
out that the activity of a slab of a substance (p in § 2) does 
not directly measure the activity of the substance itself: it is 
a product of this activity by the penetration of the rays given 
out This consideration will doubtless complicate the investi- 
gation. 

The expression of my indebtedness to Professor Thomson for 
his advice and encouragement is not the less sincere because it is 
repeated so often. 
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On a relation between the velocity and the volume of the ions af 
certain organic adds and houses. By T. H. Labt, Fitzwilliam HaU, 
and G. A. Carse, Emmanuel College; 1851 Exhibition Scholars. 

(Communicated by Professor J. J. Thomson, F.RS.) 

[Read 12 March 1906.] 

Since Ohm's law holds in the case of an electrolyte, at a 

dV 
given temperature the current ^^~^~j^y where h denotes the 

dV 
conductivity of the electrolyte and -r— is the potential gntfhent 

between the electrodes, and as the current is carried by n uni- 
valent ions per cub. cm. with a velocity of u for the positive and 
V for the negative ion, each having a charge of electricity e, then 

t = n«(u + t;), 

.*. »w(u + »)« — ifc-5-, or u + » = J—. 

ax ne ax 

Thus for dilute solutions of the same equivalent concentratioii, 
Le. n constant, and with a constant potential gradient of say 1 volt 
per cm.» u + 1; == Xr x constant, an equs^tion which may be derived 
in an independent manner from experiment by usine Hittarfi 
migration ratios. Thus the conductivity of an electro^te is pro- 
portional to the sum of the velocities of the iona When the 
values that have been found for the velocities of univalent ions 
are reduced to the one potential gradient, the velocities are those 
of the different ions moving under the same force, viz. that arising 
from this electric field acting on the constant ionic charge. 

Kohlrausch* has shown that the fluidity (reciprocal of the 
viscosity), and the conductivity — and therefore the velocities of 
the ions of dilute solutions — vary with the temperature in a 
similar manner, that is for a number of electrolytes the oonduo 
tivity-temperature and the fluidity-temperature curves are similar. 
This has beeu borne out by the work of Bousfield and Lowiyt 
Lyle and Hosking^, and othersg. The former of these woiken 

* *' The Besistanoe of the Ions and the Meonanieal Frietion of the Sdlml** 
Proc. Boy. Soe. lxxi. 838 (1908). 

t Proc. Roy. Soc. lzzi. 42 (1902). 

t Phil. Mag. March 1900, p. 274 ; May 1902, p. 487 ; May 1904, p. 4S9. 

S For farther referenoee see H. C. Jonee and Bingham, ^m. Ckim, Jmat^ 
xxziY. 481, Dec. 1905. 
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found that the ^temperature variation of the conductivity and 
viscosity of water can be expressed by one formula and repre- 
sented by one curve. Eohlrausch's conductivity -temperature 
curves for aqueous solutions of sodium acetate and sodium 
valerate (the only two substances, whose anions are common to 
his and this paper), were sensibly the same as the fluidity-tempe- 
rature curve of water. Thus in these three cases there is ground 
for supposing that U (the velocity of a given ion under a constant 

force) is proportional .to the fluidity (-) 

{7 a constant x — . 

When the driving force (F) varies 

F 
{7= constant x — . 

This suggests that the motion of an ion through an electrolyte 
may be very similar to that of small bodies through a viscous fluid. 
Sir George Stokes* has shown that the velocity (assumed small) of 
a sphere moving through a homogeneous viscous medium, when 
no slipping occurs, is 

F 

QiTfjia* 

where F is the driving force, /* the coefficient of viscosity of the 
medium, and a the radius of the spheref . If we assume this law 
to hold for the motion of an ion in an electrolyte, though for 
bodies of molecular dimensions the medium is not homogeneous 
as postulated above, the radius of the ion, assumed spherical, may 
be calculated. The value thus obtained for the radius is suffi- 
ciently different from that deducible from the radius of the mole- 
cule calculated by Jeans^ from the kinetic theory of gases to 
make the applicability of the law to this case doubtful. 

There appeared, however, another way of finding approxi- 



* Camb. Phil. Tram. n. 5S (1850). 
t A more general expression is 

6ir/ta\/3tt + 2/i*/' 
where fi is the coefficient of sliding friction and is infinity for no slipping and 

aero for infinite slipping, and so ^ — ^ may vary between 1 and |. Wbetham 

{Phil. Tram, clzxzi. A 569, 1890) has shown that for the steady flow through a 
capiUaiy tnbe there is no slipping, and H. S. Alien {Phil. Mag. 828, Sept 1900) 
that for small air bubbles rising in water or aniline, " the velocity of the babble 
agrees with that dednced from theoretical considerations by Stokes on the assomp- 
iion that no slipping ooonrs at the boundary.** 

♦ Phil. Mag. Ser. vl Vol. vra. pp. 692—699 (1904). 

VOL. XIII. PT. V. 20 
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mately the relation between the linear dimensions of an ion and 
its velocity. The relative volumes of certain or^^ic anions and 
cathions may be deduced from molecular and atomic volumes. The 
cube roots of the ionic volumes give a series of numbers proper* 
tional to the ionic linear dimensions, and these combined with 
the velocities of the ions enable the relation sought for to be 
investigated. 

Calculation of Ionic Volumes*. 

The calculation of the ionic volumes may be best explained 
by two typical examples. 

(1) Volume of anion of acetic acid. 

The molecular volume of acetic acid CH. . COOH at 20'' C. 

=: molecular weight (M) x volume of 1 gram acetic acid at 20"* C. l-j 

^ molecular weight _M^ 60 __ -^,^ 
" density at 20' C. " 7 "" ^05 " 

The anion of acetic acid being CHf COO', its volume is found 
by deducting from the molecular volume of CHt . COOH the 
atomic volume of hydrogen in carbon compounds at 20^C. Eopp's 
value of the atomic volume of hydrogen given by Ostwaldf, when 
corrected for temperature, is 5*3 and this is the value used. Thus 
the volume of the acetic anion, CH,. COO", is 57*2 — 5*3 » 51-9. 

[2) Volume of cathion of diethylammonium hydroxide. 
*he molecular volume of diethylamine (CaHs)k£[N at 20"* C. is 

atomic volume of hydrogen «■ A » 5*3 



1? 

Tl 



.*. ionic volume of (CJIe)«H,N* = 108*8. 

It may be pointed out that an error of 10 p.c. in the atomic 
volume of hyorogen produces at most an error of '5 p. c. in the 
cube root of the ionic volume of any substance quoted. 

A more strictly applicable value for the ionic volume of aoet- 
anion would be obtained if it could be deduced from the denfdtj 
and concentration of the sodium acetate used in determining the 
ionic velocity, but as zero or negative values are obtained for the 
molecular volumes of some substances, this method is not tmsl- 
worthy. 

* The mMkning of the term "ionio volume " in thii paper doee not indnde Ah 
watery atmosphere, which the ions are usually regarded as oarxyins. 
t Lehrhueh d. AUg, Chen, Bd. i. 
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Ionic Velocities. 

The velocities used in tbe table have been obtained from 
Bredififs memoir*. To convert the velocities as given by Bredig, 
into centimetres per second per volt per centimetre, the formula 

k dV 

w4-v = -3- 

nq ax 

must be used, where u and v are the velocities of the cathion and 

anion respectively in cms. per sec, k the specific conductivity in 

reciprocal ohms, n the concentration in gram-equivalents per cub. 

cm., q the electrical charge in coulombs carried by a gram-equiva- 

dV ... * 

lent of ions, and -1— the potential gradient in volts per cm. 

Bredig's units are the same as these except that the conduc- 
tivities are in Siemens' mercury unit, and the potential gradient 
is one volt per cm.; to be applicable to his data the expression 
becomes 

n X 96440 n '^* 

Thus the values of the velocities given by Bredig were 
multiplied by I'l x 10~'. 

Densities. 

These were got from several authorities, chiefly from Clarke's 
"Table of Specific Qravi ties." In some cases the original authority 
does not state the temperature of the water used in the determin- 
ation of the specific gravity. When it is given, the density in 
grams per cub. cm. has been calculated. 

Explanation of Table. 

In the table there will be found the ionic velocities and the 
data used for deducing the cube roots of the ionic volumes. The 
densities could not all be obtained at the same temperature, but 
the temperatures selected were, in as many cases as possible, the 
same for each series. The variation with temperature of the ionic 
volume in the range of temperature used is small, e.g. the ionic 
volume of the propionic acid anion is 67*7 at 0° and 71*7 at oO**, 
a change of 1 p. c. per degree. An error in a density affects the 
product in the last column to about one-third of the extent that 
the same error in ionic velocity does. 

* ^HU /. PAyt. Chm, xm. 191 (1894). 
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In finding data for the table we have been restricted by the 
considerations that the ionic volumes may not be legitiniatdy 
deduced for substances, which are gaseous (e.^. methylamine), or 
solid (e.g. morphine, oxalic acid), at the ordinary temperature, 
nor may substances whose densities have been determined only at 
temperatures considerably removed from the ranfi^ 15"* — 20'' C. be 
used. We propose, however, to attempt to obtain these icmic 
volumes later by indirect methods. Having regard to the above, 
all the values for ionic volumes that have been obtained for 
orranic acids and bases are included in the table. (Considerable 
difficulties are met with in finding comparable values for the 
inorganic ions.) 

Benzylamine from its preparation and properties — ^an am- 
moniacal liquid not forming diazonium compounds — ^would be 
classed with the primary fatty amines ; from its graphical formula 
with the anilines. In the table it is put with both. 



PiscussioN OF Table. 

The last three columns of the table show that the velocity of 
the ion of a member of a homologous series of the oivanic acids 
and bases examined varies inversely as the cube root of its volume, 
for the product of these is sensibly constant. Thus there is con- 
siderable evidence that for a homologous series the velocity of an 
ion is inversely proportional to its linear dimensions. The average 
value of the product, ionic velocity x cube root of ionic volume, for 
the acetic * — n-caproic acid series is 151, for the pyridines 202, for 
the amines 186, for the anilines 177. Thus, for ions of the same 
linear dimensions (cube root of ionic volume), the chemical properiieB 
influence their velocities as is shown by the following taole in 
which the ions have closely the same volume. 





lonio Tolnme 


(lonio yol.)i 


lonio vdodtj 


Ptodnet 


A n-Caproic acid . 
B Ethyl pyridine 
G Isoamylamine . 
a y^-Valeric acid . 
b a-Piooline . . 
e Isobutylamine . 


1197 
119-7 
121-5 
102-9 
1051 
104-8 


4-93) 

4-93 

4-95) 

4-69) 

4-72 ■ 

4-71* 


3-01 
405 
3-73 
317 
4-30 
3*99 


/200\ 
/l85J 
I 149^ 
^203 

188 



* The vftlae 179 for this prodnot in the cmo of the lonnie add uiion ii not 
Bnrprising as this anion doee not contain a CH, group, and so the shape of the ioa 
(see later) is unlike that of the remaining members of this aeries. 
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The coDBtaacy of the product — ionic linear dimensions x ve- 
locity — for a homoloeous series of the organic ions in the table is 
in accordance with the hydrodynamical equation 

F 

va s — (body of any shape) 

F 

(sphere, no slipping), 



where F is the same for all the ions in the table, and fi is the 
viscosity of infinitely dilute aqueous solutions (i.e. of water) at 
25"" C. jS is a constant for ions of the same shape *. Thus we find 
under the physical conditions mentioned in the table 

va^-^x constant, 

S would be approximately constant for the members of a homo- 
logous series since their graphical formulae are similar ; according 
to this view the chemical property that determines the velocity of 
ions of the same volume is the shape of the ion. 

Conclusions. 

1. The linear dimensions of thirty-one ions of the homolo- 
gous series — formic-caproic acids, pyridines, amines, anilines — have 
been calculated from molecular and atomic volumes. The veloci- 
ties of these ions in cm./sec., volt/cm. have been given. It is 
found that the velocity of an ion of these series is closely inversely 
proportional to its linear dimensions. 

2. It is shown that these results may be accounted for by 
considering the motion of an ion through an electrolyte as similar 
to that of a body through a viscous medium. 

We intend continuing work in this direction. We wish to 
thank Mr Whetham, F.K.S., for some kindly criticism. 

* Lamb, Treatue on the Motion of Fluid: 

CAvnmisH Laboratort, 
March, 1906. 
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On the reduction of the general ternary quintic to HUbert'i 
canonical form. By H. W. Richmond, M.A., King^s CoII^e. 

[Beceif>ed 12 March 1906.] 

The theorem that _a ternary quintic form may generally be 
uniquely expressed as the sum of the fifth powers of seven linear 
forms is due to Hilbert*: recently the theorem has been re- 
discovered in ignorance of Hilbert's result by myself, and again 
a year later by Palatini f. The possibility of reduction to this 
form being established, a method of eSectinjj^ the reduction (de- 
pending upon the solution of a single irreducible equation of the 
seventh degree) which I obtained soon after the publication of my 
former paper is here indicated. 

The ternary quintic form is the equation of a plane curve of 
the fifth order, 0^: if italic letters x, y, ..., with suffixes 0, 1, 2 
be the coordinates of points, and Qreek letters stand for coordi- 
nates of lines, the equation of C^ may be written 

a," = (ooiCo + (h^ + a^cp^y « 0, 

while Cn and Tn will denote a curve of order n and of class ii 
respectively. It is clear that 

The r,'« apolar to C^ form generally a linear syetem of four 
terms; in fact the only exceptions to this statement are when C^ 
possesses an apolar F,. Among the r,'s apolar to C^ are included 
those which touch the seven lines representing each of the seven 
linear forms mentioned above. It will appear that it is always 
possible to find three r,'s apolar to C^ whose equations T«asO, 
Ti = 0, Tj|=:0 satisfy 

ftTo + fT, + f,T, = (IX 

the solution being generally unique; if so, the three Fa's have 
seven common tangents which give the seven linear forms 
sought. 

That the identity (1) should hold it is necessary and suffi- 
cient that 

T.sft2.-f,2i; T,-f.2.-f,S.; T..f.2,-ft2.; 

* LiouifilU*i Journal^ Series 4, Vol. iy, p. 266. 

t QuaTterhff Journal qf MathenuUica, 1902, p. 8S7. AtH d. JB. Ace. d. 8c. M 
ToHno, 80 Nov. 1903 ; Rendie. d. E. Aec. dei Lincei, 17 Mftj, 1908. 
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Habere So> ^i, ^ are curves of class two; further, we may assume 
without loss of generality that 2oi Si> % lack respectively terms 
in ft*, f ,*, f,». Suppose 

then the conditions of apolarity to C^ impose the following condi- 
tions upon the 15 coefficients of 2o» ^i <ii^d Sg: 

{Oi (Oy)' - (h {a^y] a,« s 0, {a, (a.)« « o^ (a^)«} a,» = 0, 

{ao(a^)»-a,(a.)«}a«« = 0, 

for all values of jHq, rr,, ^a; eighteen conditions, homogeneous in 
fifteen unknown coefficients, have to be satisfied. But clearly the 
conditions obtained by equating to zero the coefficients of x^Xg in 
the first, of XiXg in the second, and of x^Xg in the third are not 
independent, 8 standing for either 0, 1, or 2: thus the eighteen 
conditions are brought down to fifteen. The possibility of satisfy- 
ing these depends on the vanishing of a determinant of 15 rows ; 
but this determinant is obviously skew-symmetrical and so must 
vanish. 
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An Indicator for Strona Adds and Bases. By H. J. H. 
Fenton, Sc.D., F.RS.. Chnst's College. 

[Bead 26 February 1906.] 

In previous commuDications to the Society reference has been 
made to a new condensation-product, derived from bromomethyl- 
furfurai, which has the molecular formula CuB[s04 and to which 
the constitution 

CH,C4H,0 . CO . C^H^O . CHO or CAO . CO . CO . C AG . CH, 

has been provisionally assigned. 

It was mentioned that this substance may have useful appli- 
cations in organic analysis since it gives highly characteristie 
colour-reactions with certain classes of compounds such as amines 
and ureas. 

Later experiments have shewn that this reagent may con- 
veniently be used in the form of test papers and m this way the 
application of the tests is greatly simplified although some of the 
reactions are more sensitive when brought about in solution in 
the manner previously suggested. 

Test papers prepared from an aqueous-alcoholic solution of the 
reafi[ent give, immediately, an intense green colour with priouuy 
ammes in acetic acid solution ; this colour is at once destroyed by 
strong mineral acids or by alkalis. 

With urea in presence of strong hydrochloric acid a very 
brilliant blue colour is slowly developed ; it appears more quickly 
in presence of dehydiuting substances such as acetyl chloride or 
phc^horus oxychloride. 

With caustic alkalis a beautiful violet-blue colour is imme- 
diately produced which is at once discharged by acids. The 
colour given with normal caustic soda or potash is very intense; 
as the concentration of the solution is diminished the colour 
becomes paler and is only just perceptible in centi-normal 
solutions. The gradual variation of the colour-intensity with 
concentration is so well marked that it affords at once a rough 
indication of the degree of alkalinity or concentration of hy- 
droxyl ions. 

The limit at which the colour is just barely visible varies, as 
might be expected, greatly with different bases. Rough pre- 
liminaiy observations indicated that the limit of concentration 
for sodium hydroxide, potassium hydroxide, or tetr^methyl- 
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ammonium hydroxide is about 0*01 normal; for dimethylamine 
(K)4 normal and for ammonia 1*8 normal. With sodium carbonate 
the alkalinity is only perceptible in very strong solutions and with 
borax or sodium acetate no effect at all can be observed at the 
ordinary temperature in solutions of any concentration; on 
warming the strong solutions however the colour becomes 
apparent. 

If the above-mentioned reagent is fused at about 120'' with 
urea a colourless base is obtained which immediately becomes 
blue when treated with acids [Trans. Chem. 8oc., 1903, 187]. 
Test-papers prepared from an aqueous-alcoholic solution of this 
base may be used therefore as an indicator for acids. Normal 
solutions of hydrochloric or nitric acids give a brilliant Prussian 
blue colour, the intensity becoming less and fading to a pale 
sky-blue as the solution becomes more dilute. Tne limit of 
concentration in this case at which the colour is just perceptible 
is for hydrochloric acid about deci- normal 

Half normal solutions of oxalic acid give a bright sky-blue 
colour whereas solutions of tartaric acid of the same concentration 
give no colour ; solutions of boric acid of any concentration give a 
negative result. The limit for hydrofluoric acid appears to be 
about 1'3 normal and with acetic acid the colour is not per- 
ceptible until the solution reaches a strength of 12 or 13 
normal. 

An acid-indicator of a different character may be prepared by 
boiling together the first-named reagent with a primary amine, 
such as p naphthylamine, in alcoholic solution. Test-papers 
prepared with this solution give, at once, an intense green colour 
with weak acid& The limits of sensitiveness in this case are, 
with hydrochloric acid, between about 0*005 normal and deci- 
Dormal; with greater concentrations only a yellow colour is 
produced. 
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Notes on Cycads: toith exhibition of a rare species (Cycas 
Micholitzii) acquired by ike Botanic Garden. By A. C. Seward, 
M.A., F.R.S., Fellow of Emmanuel College. 

[Bead 12 February 1906.] 

The Author exhibited a plant of Cycas Micholitzii recently 
obtained by the Curator of the University Botanic Garden from 
Messrs Sander and Sons. This species was discovered by Mr W. 
Micholitz, one of Messrs Sander and Sons' collectors, in Annam, 
and described last year by Sir William Thiselton-Dyer in the 
Gardener s' Chronicle*, The illustrations accompanying the de- 
scription were drawn by an artist on the staff of Mi* Ridley, the 
Director of the Botanic Garden, Singapore, who sent specimens 
of the plant to the former Director of the Boyal Gardens, Kew. 
The following is the diagnosis of the new species: — ^" Cycas 
Micholitzii, sp. n. Caudex subterraneus, 1^ ped. longus 1^ polL 
crassus. Folia pauca, ad 10 ped. louga, basi ad 4 ped. aculeis 
armata, pinnulis 8 poll, longis, fere 2-dichotomis, s^mentis f poll 
latis. Strobilus mas (juvenilis) ad 6 poll, longus, squamia an- 
theriferis brevissime acuminatis. Carpophylli lamina terminalia 
obovato-rhombea supeme profunde j)ectinato-lacera. Anmrm. 
Legit cl. Micholitz. Tf. T. Thiselton-Dyerr 

The most striking character of this species is the repeated 
dichotomy of most of the pinnae. The two lowest pinnae on 
one of the fronds represented by the Singapore artist are divided 
into six and seven linear ultimate segments respectively: the 
branching appears to be dichotomous; the lobed pinnae are divided 
by a median sinus, which reaches almost or quite to the rachia^ 
into two equal branches, and these are again subdivided. The 
terminal pinnae are simple and similar to those of Cycas revtduta 
and other species of the genus : these are succeeded by pinnae 
with two equal segments, and in the lower pinnae the ultimate 
segments exhibit further dichotomy. The Cambridge plant is 
clearly a young specimen and differs from that figured by the 
author of the species in the simple character of most of the 
pinnae, while others are divided almost to the base into two linear 
segments. None of the pinnae are subdivided into more than two 
lobes. The appearance ot ^he slender stem of the young Cambridge 

* Oardeneri* Chronicle, AoguBt 19, 1905, p. 142. 
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specimen, havme a diameter at the broadest part of 4 cm. and 
nsing to a heignt of 15 cm. above the surface of the soil, does 
not appear consistent with the statement quoted by Sir William 
Thiselton-Dyer from Mr Micholitz that the stem is subterranean. 
The following extract from a letter written by Mr Micholitz* ex- 
presses the views of the discoverer of the species on this point. 
"The plant has its stem in the ground, that is to say the stems 
^w downwards instead of upwards ; the stem of young plants 
18 covered with 3 — 4 inches of soil (precaution against heat and 
bush-fires?) and the older the plant the longer or deeper the 
stem grows into the ground, so that the stem is never visible 
above ground, and the flowering cones appear just level with the 
ground." It would seem, therefore, that the species, as seeA in 
its native habitat, is characterised by the subterranean position 
of the stem and that the aerial stem of the cultivated plant does 
not represent the normal condition. The surface of the young 
stem IS covered by contiguous transversely elongated bases of 
scale- and foliage-leaves, which do not exhibit that marked con- 
trast in size characteristic of some other species of Cycas, A few 
apogeotropic roots project above the surface of the ground close 
to the base of the stem. The tip of the stem beai^ a few short 
brown scale-leaves and two fronds. The petioles of the fronds 
are lon^ and slender, armed with a few short spines and termi- 
nating in swollen bases : the margins of the enlarged bases are 
winged and the wings extend a short distance up the sides of the 
petiole as membranous extensions. The largest frond has a length 
of 130 cm., measured from the tip of the uppermost pinna to 
the base of the petiole ; the pinnae, reaching a length of 35 cm., 
are either simple or divided almost to the base into two equal 
segments. 

The vascular strand in the axis of a pinna exhibits the usual 
Cycadean structure, but, as shown in Fig. 5, there is a considerable 
development of centrifugal xylem. The main portion of the meta- 
xylem, which consists of reticulate elements, has the form of a 
sn^ghtly curved band (Fig. 5, cp)i the somewhat crushed and 
swollen protoxylem tracheids {j^) form the pointed extremity 
of a group of elements projecting upwards from the middle of 
the upper face of the centripetal xylem. The space between the 
centripetal and the centrifugal xylem is occupied by conjunctive 
tissue composed of fairly large parenchymatous cells. The strand 
is enclosed by a sheath {s) of crystal-containing ceils with thick 
lignified inner walls; between the centripetal xylem and the 
sheath occur 2 — 3 layers of parenchyma. The phloem shows the 

* I am indebted to Mr Lynch, the Curator of the Cambridge Botanic Garden, 
for this extract, which he obtained through the oourte^ of MeaarB Sander and Sons. 
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usual Cycadean features. A complete aection of the axis of a 

fioDa exhibits a doraiventral differentiation : the apper half it 
istiaguished by a more compact band of hypodermal fibres and 
by the occurrence of a few layers of chlorophyll-containing cetli 
internal to the stereouie. The hypoderm next the lower efH- 
dermis forms a less clearly defined band and passes gradually into 
scattered fibres interspersed with the parenchymatous groand- 
tissue. No secretory canals were observed. 

Figs. 1 — 4* illustrate the gradual change in the form of • 
vascular strand in the region of forking. The sinj^e protoxylem 




group {pw) becomes double (Fig. 2), and the transverse eloDgatioD 
of the centripetal xylem and separation of the two protoxylem 
points are followed by an equal division into two strands. The 
forking of the pinna is thus seen to be accompanied by a dichotcxoj 
of the vascular bundle. 

The occurrence of forked pinnae of Cycadean fronds was first 

■ Tb* Motion* mn pnpu«d hj HIm SjkM of Qirtoa Oolltge. 
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noticed by Moore in the Australian species Macrozamia hetero- 
ffiera*, in some varieties of which tne narrow pinnae may be 
divided into six or seven ultimate segments. In the dichotomous 
method of branching there is the closest resemblance between 
Moore's species and Cvcas Micholitzii. It is now generally ad- 
mitted that Cycads ana Ferns were probably derived from common 
ancestors, a conclusion based in part upon certain resemblances 
between existing members of these two groups, but founded 
mainly on the discovery of several Palaeozoic types of a generalised 
type in which Cycadean and Filicinean characters are intimately 
associated. In view of this relationship it is interesting to find 
another common feature in the dichotomous branching of the 

Einnae. The fronds of Matonia pectinataff as recently sho^n 
y the authors of an exhaustive paper on the young plants 
of this ancient type, exhibit both monopodia! and dichotomous 
branching. 

Similarly, Mr Boodle^ speaks of the dichotomy of the primary 
pinnae in Gleichenia as a primitive character which occurs also in 
l^godium. 

In Matonia sarmentosa, Baker§, the forked linear pinnae bear 
a close resemblance to those of Cyca^ Micholitzii in their method 
of branching. Numerous other instances among fossil and recent 
plants might be quoted of the close correspondence in the pos- 
session of dichotomously branched pinnae between Cycads and 
Ferns. 

The discovery of a species of Cycas with dichotomously 
branched pinnae suggests the possibility that the simple pinnate 
type of Cycadean frond, with its unbranched pinnae, may be the 
result of reduction fr*om an older type characterised by the more 
primitive dichotomous habit. 

* Moore, Javm. Proe. R, 8oe» New South WaUi, Vol. xviix. 1884, p. 115. 
Seward, The WeaUen Flora, Part II. (Catalogue of the Mesozoic Plants in the 
Department of Oeolosy, British Museam) 1S95, p. 6, pi. ziii. 

t Tanaley and Lolhain, Annate Botany, Vol. zn. 1905, p. 477. 

X Boodle, Annaie Botany, Vol. zv. 1901, p. 705. 

I Baker, AmuUe Botany, Vol. y. 1890, p. 191, pi. ziv. 
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Experiments on the Hybridisaiion of Barleys. By R. H. 
BiFFEN, M.A., Emmanuel College. 

[Bead 12 February 1906.] 

The cultivated barleys form a group of elementary spedes 
known collectively as Hordeum satttmm. The most important of 
these are H. hexastichumy H. vidgare, H. zeocriton, H. distickum, 
and H. decipiens. In the first pair each of the spikelets in the 
triple groups characteristic of the genus Hordsum is fertile, 
they differ from one another in the fact that the former has dense 
ears and the latter lax ones. Both may correctly be described 
as six-row barleys. H, vidgare is the name given to the group 
known on the Continent as H. tetrastichuni. The use of this latter 
term is open to the serious objection that it leads to the erroneous 
impression that the barley is tour-rowed owing to the suppression 
of the median floret of the triplet. H. zeocriton and if. diztichm 
fonn a similar pair of dense and lax groups differing from the 
former in the lateral florets, which are stammate only and coDfle- 
quently set no grain. These are popularly known as two-row 
barleys. In the group H, decipiens the reduction of the latent 
florets is carried still further, and they are altogether sexless and 
practically wanting. 

The six- and two-row groups are connected toother by the 
little known H. intermedium, in which the lateral florets, though 
fertile, are reduced in size and awnless. 

The varieties within the elementary species are distinguished 
by a number of characters. The most important of these are as 
follows : 

1. The paleae may or may not adhere to the grain proper. 

The first condition is described as naked, the secoM I 
have called ''trapped.'* 

2. The colour of the paleae may be " white," that is, various 

shades of yellow ; or it may be black, brown, or puiple. 

3. The grain may be white, bluish-grey, or purple when 

stripped of its paleae. 

4. The awns may be normal or trifurcate. This latter tenn 

is used to denote the presence of a secondary floret 
borne on the awn either at its base or some two or three 
cms. up. 

5. The glumes at the base of each spikelet may be narrow or 

ovate-lanceolate in shape. 
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In addition there are a namber of minor characters, so that it 
is obvious that there may be an almost indefinite namber of com- 
binations. 

In order to simplify another problem we have in hand it has 
been necessary to trace in some detail the iDheritance of these 
various characters. For the most part this has not proved a diffi- 
cult matter, and few complications have been met with. Most of 
the various characters segregate sharply from one another, and 
form good examples of &e allelomorphic pairs we are now so 
familiar with. These pairs are as follows, the dominant character 
being placed first in each : 

1. Trapped and naked grain. 

2. Brown, black, or purple paleae and white. 
8. Dark and light coloured grain. 

4. Trifurcate and normal awns. 

5. Narrow and broad glumea 

6. Two-row and six-row. 

7. The decipiena type and two-row. 

8. The detnpiens type and six-row give an intermediate. 

9. Lax and dense ears give an intermediate in the F 1. 

For the present attention need only be called to the more 
complex cases. The first of these is provided bv crosses between 
the awned and trifurcate varieties. Tschermak has described one 
example of such a cross, and he states that the awned form is 
dominant over the trifurcate. In the four cases I have examined 
the supernumerary flowers have always been present in the F 1, so 
that it would appear as if the hooded or trifurcate form was 
normally dominant over the awned. The Fl's, however, differ 
a good deal among themselves with regard to the position of the 
extra florets. In one cross-bred they were practically sessile, as in 
the parent, but in the other three they were borne on long awns 
whicn were prolonged beyond them. In the subsequent generation 
meet of the hoodea forms bore the extra floret on awns some three 
or four centimetres in length. In many of these plants few of the 
awns carried such fully developed extra florets as the parent If 
all of these partially hooded forms are to be reckoned as trifurcate 
then there is good reason to consider the trifurcate condition as 
dominant, for thev occur in the proportion of three to one of the 
normally awned forms. On the other hand, it may be that the 
Fl should be described as an intermediate, in which case the 
partially hooded types should occur in the proportion of two to 
one of the awned, but the difficulty of deciding between fully and 
partially hooded ears is too great for one to separate the forms 
satisfisM^torily. This can, however, be determined in the following 
generation. One other cross between a hooded variety may be 
mentioned here. In this case an awnless variety was used as the 

VOL. XIII. FT. V. 21 
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other parent. The F 1 was awnless, shomng that this ooDdiiioD, 
as in tne case of the wheats, is dominant, wlulst the F 2 oonsisted 
of hooded and awnless individuals. The awnless parent is a ▼ariety 
in the sense of the word as used by de Vries, ana it is one of yerj 
recent origin, yet it is dominant over the older type. 

The crosses between varieties in which one parent has dense 
the other lax ears have now to be considered. In the case of 
wheat, where these characters are also present, Spillroan showed 
that the F 1 was intermediate between the parents in this respect, 
and that in the second generation the normal segregation occurred, 
resulting in the production of lax, intermediate, and dense eais in 
the proportion of 1 : 2 : 1. In the barleys I have examined up to 
the present the F 1 is also intermediate between the parents in the 
density of the ears. When, however, one attempts to separate the 
three expected types one can readily pick out many of the two ex- 
tremes, but numerous cases occur where one cannot say whether 
any given ear should be classed as an intermediate or not. On 
shuffling the ears and again attempting to separate them, a result 
totally at variance with the former one was generally obtained. At 
first I was under the impression that this was due to the difficulty 
of correctly gaueing the relative laxness and denseness by eye, so 
I measured the length of the intemodes, but the figures so obtained 
did not fall into the three expected groups. On plotting curves 
for a number of separate crosses with these figures on the oase line 
the explanation of these apparently non-conformable cases was 
found. Where there were extremely lax and dense forms crossed 
it was clear that the three separate curves existed, but the ends of 
the curves corresponding to the lax and dense types were covered 
by the curve of the intermediates. In cases where the difference 
between the parents was less pronounced the overlapping was so 
great that the three curves fused into one, showing, however, on 
either side a distinct secondary apex. The F 2 generation of the 
cross between H. pyramidatum and H, decipiens may be taken to 
illustrate this point further. The average intemode length of the 
parents was found to be 18 and 3*4 mms. respectively, that of the 
F 1 3'2 mms. The measurements for the F 2 generation were as 
follows : 



1*4 1*6 1*8 3-0 S-2 S-4 3*6 3-8 SO 8*3 8*4 8*6 8*8 4-0 4-8 4*4 
8 7 14 19 13 42 41 38 15 6 4 2 8 10 mdindiiAk. 

An individual ear measuring 24 mms. then may be either a 
true dense form or a heterozysote, and the distinction can only be 
made by sowing its grains and observing whether the progeny are 
constant or whether segregation occurs. This test has been canied 
out in the example quoted, and by separating the individuals ia 
this way it was found that the splitting was normal, as it resulted 
in the production of two intermediates to one each of the lax aad 
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dense types. One other point has to be briefly noted here — that 
is, that, Knowing the range of the variability of the parents, one 
should be able to calculate from the F 2 curve the number of indi- 
viduals in the three groups of which it is composed. This assumes 
that the fluctuating variability of the extracted lax and dense 
forms is the same as that of the parents. 

This does not appear to be the case, and a considerable amount 
of evidence, not only among the barleys but also among the wheats, 
has accumulated, which shows that the range of variability of the 
extracted characters is widened to an appreciable extent Thus 
amongst the lax individuals are some in which the ears show as 
much as a 10 per cent, increase in this character. It is also doubt- 
ful whether the average intemode length of the extracted types is 
the same as that of the lax or the dense parents. What little 
evidence we have on this point leads me to suspect that the averac^ 
len^^ itself is altered. To obtain the necessary statistics will be 
tedious work* but, in view of the importance of the question to 
those who are attempting to apply Mendelian principles to the 
improvement of our crops, it will have to be undertaken. 

As a proof of the value of these observations to the plant- 
breeder it may be stated that the extremes selected from the F 2 
have in the cases tested bred true to this particular character. 

The crosses between varieties showing different degrees of 
development of the lateral florets have given some interesting 
results. In a previous communication I pointed out that where 
a variety with no lateral florets was crossed with one possessing 
nude florets the F 1 resembled the former parent in this respect, 
inasmuch as that, though very minute florets were produced, thev 
were altogether sexless. Since then the F 2 of a number of such 
crosses has been grown, and also one F 3. In each case the F 2 
consisted of individuals with either no lateral florets, or with 
minute and sexless laterals, or with well-developed male laterals. 
The three groups occur in the proportion of 1:2:1, and they are 
perfectly distinct from one another. In the single F3 so far 
tested the individuals with the minute laterals have invariably 
proved to be heterozygotes, whilst those with no laterals and those 
with male laterals have proved to be homozygotes. The sexless 
condition of the laterals may therefore be described as dominant. 
Where one parent has black paleae in such crosses the lateral 
florets, both male and rudimentary, are white. 

A number of hybrids between varieties of this decipiens type 
and varieties with folly fertile laterals have been raised. The F 1 
in such cases bears small lateral florets containing either vestiges 
of stamens or fully developed ones. The heterozygote is thus a 
two-row barley in the popular sense of the word, or from the 
systematic pomt of view a distichvm or a zeocriton according to 

SI— 2 
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the laxness or denseness of the ear. In the followins^ generatioii 
three forms of ear occur, the six-row, two-row, and the dedpieiu, 
in the proportion of 1 : 2 : 1. The reciprocal crosses give precisely 
the same results. Only one F 3 of this combinatiou of characters 
has yet been grown, and that unfortunately a small one. It serres, 
however, to show that the forms with the male laterals prodnced 
in the F 2 are true heterozvgotes, since they give rise to individuals 
with hermaphrodite or with sexless laterals as well as the form with 
staminate lateral florets only. These latter are indistinguishable 
from the two-row barleys in general cultivation as Sbo* as external 
appearances go. Summarizing this part of the story, then, we may 
say that the result of crossing varieties with sexless and with her- 
maphrodite laterals is to suppress the production of the female 
portion, so giving a unisexual male heterozygote. 

It remains now to consider the results of crossing together 
varieties with male and hermaphrodite lateral florets. My first 
experiments in this direction led me to conclude that the hetero- 
zygote in such cases was a true two-rowed individual, and that its 
Srogeny consisted of three of the former to one of the latter type. 
Lore recently I have found cases in which the hetero^gote bore a 
few undoubtedly fertile florets in the lateral rows, and such occur 
amongst its oflspring in the following generation. If such are to 
be included in the group with male laterals and looked upon as 
abnormalities, which as a matter of fact occur from time to time 
in the two-rowed varieties, then the segregation is normal, for 
there are three two-rowed individuals to each two-rowed. It is 
more probable though that we again have to deal with an inter- 
mediate heterozygote in which the formation of small but normally 
fertile florets is the rule, but^ as there are complications occurring, 
very possibly owiug to diflerences of nutrition, the further descrip- 
tion of this case must be deferred until the individuals from the 
F2, assumed to be heterozygotes, have been tested in the following 
generation. 
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A Preliminary Note on the Maiotic Phenomena in the Eggs 
r of the HermajArodite " An^ioetomum nigrovenostim " (" Ascaris 
I nigrovenoea"). By S. A. M^DowALL, B.A., Trinity College. 

f [lUeeived 23 February 1906.] 

It was suggested to me by Mr Punnett, of Caius College, that 
, aa investigation of the maturation processes in the sex cell^ of 
, Angioetomum nigrovenosum, Rud. {Angiostomum, Duj.; Aecaria, 
Linn.; Rhabdonema, KUtz.) might lead to interesting resulta As 
is well known this nematode presents the unique phenomenon 
of a protandrous hermaphrodite generation, alternating with a 
dioecious*; and it seemed very possible that there might be 
corresponding peculiarities in the maturing se^ cells of the worm. 

The technical di£Sculties of the examiuation proved unex- 
pectedly great, owing to the imperviousncss of the cuticle, and 
also to the minute size of the dioecious or Rhabditis form. The 
work was much delayed by illness, and I have only been able to 
obtain satisfactory results in the hermaphrodite generation. 

As, however, the matoticf phenomena in the oocytes of this 
generation present features of some interest, it seemed worth while 
to publish a preliminary account now, in the hope of supplementing 
the description later with a fuller account of them in both the 
hermaphrodite form and the Rhahditis. The preservative used 
was Petrunkewitsch*s fluid ^, but special methods of application 
were resorted to in order to ensure satisfactory results. The 
sections were stained with iron-haematoxylin and orange O. 
The onset of the maiotic phase is well marked. The nucleoli are 
laige; they are generally not vacuolated, and only in very rare 
instances is more than one present. 

The first sign of activity manifests itself in an increase in the 
linin network, which becomes very dense. "Chromatic clouds" 
appear in the nodal aggregations of linin, and these gradually 
become denser, spreading along the linin threads, and forming the 
distinct chromatin network, with nodal chromatin-masses. 

The reticulum next splits into definite chromosomes, apparently 
twelve in number. 

* E. Meeznikow, ArehivfUr Anat. u. Phyi, [MVUer'i Arehiv), 1S65. 
t I.e. Reduction, ▼. Farmer and Moore, Q.J.M.S., Vol. 48, Part nr. 1906, p. 4S9. 
X A. PetmnkewitMh, Zool Jdkrb., Abtheilang fiir Anat. a. Ont. der Thiere, 
Bd. xiT. p. 676. 
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They are rather elongated, sometimes rod-like, sometimes 
more irregular in form. These chromosomes, however, do not 
remain long in this condition. Even from their earliest appear- 
ance they tend to lie in pairs, parallel to one another, though 
there seems to be no actual union ; and very shortly they are seen 
to be no longer parallel, but at an angle one to the other. 

Fusion between the approximating ends takes place, so that 
six V-shaped double chromosomes are formed (Fig. 1). (This 
figure is purely diagrammatic, and the chromosomes are somewhat 
r^uced in size. In no individual nucleus can the pairing be 
seen in more than one or two cases.) 

A transitory contraction-phase seems to ensue. 

The V-shaped chromosomes then elongate considerably, and 
form what at first sight appears to be a segmented spireme. 
Sometimes an indistinct longitudinal split is visible in the cnromo- 
somes at this time (Fig. 2). 

Next, the chromosomes shorten and thicken, and again become 
V-shaped ; a second contrdction-phase seems to occur*. 

The angle of each V now points inwards towards the centre of 
the nucleus, while the tips of the arms touch the nuclear mem- 
brane. This gives the appearance of a secondary reticulum, with 
a very dim network and twelve rounded nodal bodies, intenaely 
chromatic, of approximately equal size (Fig. 3). 

The next stage is interesting. The chromatin appears to run 
more and more towards these false nodes, the arms of the V pro- 
jecting inwards towards the anele becoming more and more 
contracted, and the angle enclosed by them wider and wid^; so 
that at last only th.e two nodal spots are left, now very close 
together and enlarged, joined by a band of ** Zwischen substanzf.** 

We have thus twelve darkly-staining chromosomes of veiy 
characteristic shape, fused together in pairs (Fig. 4). Frequently 
there appears to be one very large pair, one slightly smaller, and 
four a little smaller still. Often before the bretudng-down of the 
nuclear membrane a second split is visible, dividing each chromo- 
some — probably the remains of the longitudinal split seen in the 
5eudo-spireme stage — so that a tetrad appearance is found. 
eantime the nucleolus (N, diagrams 1 — 3), which has been 
graduallv diminishing in size, shrinks rapidly, and is finally 
extruded into the cytoplasm just before the breaking down of the 

• Cf. Farmer and Moore, Q.J, M.S. Vol. 48, Part zy. 1905, p. 546. 

t K. Bonnevie (.: nat. Anzeiger, Bd. zzti. p. 501), deeoriDes this ** ZwimImii- 
Babitans ** as diromatic in Enteroxenos : " Die oeiden chromatinfiden d«r Doppel- 
chromoBoma Bind, wie Bohon oben erwahnt, dnroh eine ehromati§eke Zwiaonai- 
BubBtana Terbunden.** But in the case of Anpioitomvm niffrovemman it ia 
diatinotly not ohromatio, and apparently Btains lightly with orange Q. Parfaapa, 
however, ** ekromatiaehe *' ie a mliprint for *< eUutiehef** whieh word ia need in toe 
Bommary given at the end of the paper. 
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nuclear membrane, and there it is immediately disintegrated. 
The maturation-divisions themselves are diflScult to follow. 

The deutoplasm is exceedingly dense* at this time, and often 
appears to contain fragments of the degenerated nucleolus, so that 
the details are much ooscured. Additional difficulties arise, owing 
to the hci that the first maturation-division only takes place at 
or just before the time of the entrance of the spermatozoon, the 
second immediately succeeding it ; while definite polar bodies are 
Dot formed, the polar nuclei remaining in the deutoplasm. The 
divisions, however, appear to be of the normal typef , the double 
chromosomes splitting into their components and six going 
inta the first polar body, which may again divide subsequently, 
the other six at once splitting along the already-formed lin6 of 
fission. Thus the first division is a reduction. I have not been 
able to distinguish any definite spindle-fibres. This may be due 
to the density of the deutoplasm, or possibly to imperfect preserva- 
tion, although the earlier stages are perfectly preserved. By 
using an oblique illumination, distinct lines of stress in the deuto- 
plasm are sometimes made visible, so that it is quite possible that 
DO actual fibres are formed. 

The male nucleus is small, but very rapidly enlarges in its 
passage through the ovum. The chromosomes of the male and 
female nuclei perhaps unite in pairs, temporarily. Distinct indi- 
cations of such a pairing are to be found. 

The nucleus then enters on a densely-chromatic resting-stage. 
It is extremely large. 

A large centrafly-placed nucleolus appears, and the chromatin 
arranges itself round this in a very characteristic manner. The 
yolk rapidly increases, and acauires a different reaction, spherules 
being present which stain welt with haematoxylin ; whereas before 
fertiUsation spherules were not recognisable, and the deutoplasm 
stained with orange Q. 

It may be worth noting here what very different results are 
obtained by using unsatisfactory preservatives. A series of 
fertilised ova, preserved with Flemming's fluid and stained with 
iron-haematoxylin and eosin, show a very distinct nuclear mem- 
brane, surrounding a clear space which stains rather unevenly 
a yellowiBh colour, in which lie two definite structures of large 
size, one curved and dark, the other a cloudy reflection of the first, 
staining a brownish colour. 

* Cf. C. NeohAiu, Jenaitche ZeiUehr, f&r Naturwiu,, Bd. zzzyii. pu iU»8. 

t I eao find no traoe of the penistenoe of the doable-ohromosomeB dMcribed bj 
K. Bonnevie in Enterozenos (oo. eit). Bather, the evidence diatinotly points to a 
•epaiation of the conjugated onromoaomes, though whether this aotoally ocoon in 
the flnt or the $ee<md mataration-division is diffioolt to determine, owing to the 
symmeiriGiJ tetrad form of the donble-ohromosomes. 
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In properly-preserved examples I find nothing resembling 
these structures, which however are the more curious, as they 
appear throughout one whole series of sections. 

Although all the phases described, with the exception of the 
last stage of the synopsis, are complex and difficult to observe, yet 
in favourable instances thev are sufficiently clear to make their 
interpretation certain, and the occurrence of these peculiar 
appearances in badly-preserved material does not alter my views 
as to the real meaning of the phenomena observed. 
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Hie Action of Acidchlorides of Acetylenxc Adds on Ketonic 
Compounds, By S. Ruhemann, M.A., Caius College. 

[Bead 26 February 1906.] 

Some months ago Ruhemami and Merriman (Trane. Chem. Soc., 
1905, LXXXYII. 1383) published the results of an investigatton on 
the action of phenylpropiolyl chloride od sodioacetylacetone, and 
showed that a yellow compound Ci4HmO, was formed which, 
under the influence of piperidine, changed into- a red isomeride. 
This was found to dissolve in alkalis, their carbonates or organic 
bases to yield blue solutions and, on boiling with sodium carbonate, 
to suffer a transformation into a colourless acid which had the 
same molecular composition as the former two compounds. These 
changes were symbolised thus : 

C.H, . CH : C— O— C . CH, 



CeH,.C:O.COJEI 



I 
CO C.CO.CH, 



C(OH):C.CeH, 
C.CH, 
CO C.CO.CH, 



CH,.C:C.CO.CH,, 



I have now undertaken the further study of these substances 
with the view of supporting the above constitutional formulae. 
My attention has been directed especially to the red isomeride 
CmHisO, the properties of which closely resemble the colourless 
triethyl oxalylaconitate (see Ruhemann and Hemmv, Trans, 
Chem. Soc., 1897, lxxi, 34), and Claisen and Ewan's oxalyldibenzyl- 
ketone {Annaien^ 1896, cCLXXXiv, 245). The analogy of these 
three compounds is indicated, also, by the similarity of their 
structural formulae: 



C(OH)— C.CeH, 

\ 
C.OH 

CO C.CeH, 



C(OH) = C.CO,.C,H, 

\ 
CCO^.C^Mq 

CO C.CO,C,H, 



C(OH) = C.C,H, 
C.CH, 



CO- 



I 



CO.CH, 



OxAljldibenxylketone Triethyl ozaljlMonitate 



Ozalylphenylmethyl 
•oetylpropene. 

21—6 
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This fact, already, supports the constitution of the red isomeride 
Ci4H„0t, and the following behaviour points to the same con- 
clusion. Under the influence of phenylhydrazine, the compoaiid 
yields a phenylhydrazone which, on account of its insolubility in 
alkalis, is to be represented thus : 

C.H. NH.N:C.CH.C,H, 



C.CH, 

CO.C.CO.CH,; 

its formation, therefore, is accompanied by the change of the 
enolic into the ketonic grouping. Analogous compounds aie 
formed by the action of semicanbazide and hydrozylamine on 
the red substance C]4HuOt; these are to be expressed by the 

symbols : 

NH,.CO.NH.N:C — CH.CeH. OH . N : C— CH . U,H. 

C.CH,; resp. C.CH, 

CO— C . CO . CH, oO—Cf: CO . CH,. 

The circumstance that the latter two compounds are colourless 
leads to the conclusion that the red colour pf Ci4H„0t is due to 
the enolic group, 

COH:C— 

and disappears with the change into the ketonic grouping, 

CO— CH— 

io- 

This behaviour of the red isomeride allows of a ready explanation 
of the results at which Claisen and Ewan arrived in the course of 
their study of oxalyldibenzylketone. This substance forms yellow 
as well as blue salts. From the properties of the red oompoimd, 
CuHnOt, and triethyl oxalylaconitate it follows that the latter 
salts are to be formulated thus: 

Me'.O.C = C.CeH. 

C.OMe' 
OC— C . CeH, 
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and the yellow salts: 

OC— CH.CeH. 

\ 
O.OMe' 

OC— C 

This view leads to the conclusion that the arrangement 

— CO.C(OH) = 

gives rise to the formation of blue oalts, whilst yellow salts are 
produced, if the carbinol group occupies the /9-po6ition towards 
the ketonic group: 

— C(OH)— O— CO— . 

A number of compounds with the latter arrangement are known, 
and they dissolve in alkalis or their carbonates to yield yellow 
solutions. In the light of this view concerning the constitution 
of the blue and yellow salts of oxalyldibenzylketone, the various 
derivatives of this compound which Claisen aud Ewan obtained, 
can readily be formulated, and these formulae are found to be in 
close agreement with the behaviour of those substances. 
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The Dihydrotetrazinea. By S. Ruhsmann, MA., Caius CoUega 

[Read 26 FebruAry 1906.] 

Lately Ruhemann and Merriman {Comb. Ph, 8oc^ ym. 209; 
Trans. Chem. 8oc., 1905, lxxxyii. 1768) showed that, in the me- 
sence of piperidine, tetrazoline condensed with aldehydes to fonn 
compounds which were represented thus : 

R.C3H:C<C X)H; 

it was, therefore, assumed that their formation was accompanied 
by the change of tetrazoline into its isomeride. This view aeeined 
to be supported by the properties of the iodide dH,N4l whidi 
is formed by the action of methyl iodide on tetrasoline, and by 
the behaviour of the hydrochloride of the base towards platinic 
chloride. Recently Stolid (Ber. 1906, xxxix. 826) expressed ibe 
view that since diphenyltetrazoline, 



N— NH' 
C.H,.Of >CH.C,H. 

xxrxr xr^ 



yielded with benzaldehyde a compound which on account of its 
synthesis had the formula, 

an analogous constitution had to be assigned to the prodnds 
which were produced by the interaction of tetrasoline with alde- 
hydes. In a note which, shortly, will appear in the Beri^tB I 
have pointed out that such a conclusion is not justified since the 
behaviour of tetrazoline is markedly different from dimethyl- 
tetrazoline. This difference is also manifested by the foUowiog 
£acts: 

Dimethyltetrazoline reacts with methyl iodide to yield almost 
exclusively the iodide CfHuN4l which mav be trannormed into 
the perioaide CfHuN4l,. This is brown whereas the correspoDd- 
ingcompound from tetrr\zoline is dark blue. Again, the iodide 
CtH,N4l produced firom tetrazoline, in the presence of an alkali, 
is oxidised by the oxygen of the air to yield a blue solutioii, 
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but the iodide C4HUN4I which is formed from dimethyltetrazoline 
does not give such a reaction. 

Ruhemann and Mernman {he ciL) have stated that the 
alcoholic solution of the mixture of dimethyltetrazoline and 
benzaldehyde does not deposit a solid even on standing with 
piperidine for many day& I have since found that a condensa- 
tion-product is indeed formed which is very soluble in alcohol, 
but the vield is so small that I have not yet examined this 
compound. More promptly dimethyltetrazoline condenses with 
salicylic aldehyde, out the compound, which is formed, differs 
from the one which is produced by the action of salicylic alde- 
hyde on tetrazoline. It has the composition CuH„0N4, H,0, 
and therefore possesses one moL of water of crystallisation which 
it loses at 100 ; this substance, moreover, is sparingly soluble in 
cold dilute hydrochloric acid, and this solution does not ^ve a 
precipitate with platinic chloride, whereas o-hydroxybenzylidene- 
tetrazoline as well as the other condensation-products of tetrazoline 
with aldehydes, are readily soluble in hydrochloric acid, and with 

f>latinic chloride, form chloroplatinates. These facts therefore 
ead to the conclusion that, atthoufi^h the condensation-products 
of dimethyltetrazoline with aldehydes are most probably to be 
expressed by the formula 

CH-.Q: OH.R O.CH, 

the corresponding compounds from tetrazoline have a different 
constitution which is probably the one suggested by Ruhemann 
and Merriman. 

Bisdiazomethane, like its isomeride tetrazoline, reacts with 
aldehydes, i.e. m-nitrobenzaldehyde or salicylic aldehyde, to yield 
compounds which, no doubt, are to be represented by the symbol 

R.CHrCK^ \5H,. 

These substances are hydrolysed readily by boiling water and 
differ from the condensation-products of tetrazoline with alde- 
hydes inasmuch as they do not yield precipitates with platinic 
chloride. 
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A Theory of the Widening of Lines in Spectra. By J. J 
Thomson, M.A., F.R.S., Cavendish Professor of Experimental 
Phjsics. 

[Read 12 March 1906.] 

The well-knowQ widening which occurs under suitable 
conditions in the lines of the spectra of many elements ii 
regarded in this paper as due to the effect of resonance between 
systems which if free from each other's influence would vibiate 
in the same period. If two systems whose free periods are pi, p^ 
are brought near together so as to exert small forces on eadi 
other, the actual periods of the compound system thus formed 
will in geneml differ from pi, pt, the periods of the oonstitaent 
systems. If pi is not equal to p^ this difference however will be 
very small as the changes in the periods will be proportional to 
the squares of the small forces which the one system exerts, cm 
the other. If, however, pi and p^ are equal the changes in the 
periods will be much larger as they will be proportional to the 
first power instead of to the square of the forces between the 
systems. We shall confine our attention to the influence on each 
other of systems whose free periods are the same; unless this 
influence is very large that of systems with unequal periods will 
be quite inappreciable. 

We shall assume that the lines in the spectra are due to the 
vibrations of negatively electrified corpuscles: the forces exerted 
by one vibrating corpuscle on another are of two kinds, (I) the 
electrostatic repulsion- between the corpuscles, (2) those due to 
electromagnetic induction between the moving ooipuscles. We 
shall consider these separately, beginning with the electrostatie 
forces. Consider two corpuscles (1) and (2) vibrating parallel to 
the axis of x] let ^, a:^ be the displacements from equiubTinm of 
these corpuscles respectively, m the mass of either corpusde, 
/A the force of restitution for unit displacement, then if the 
corpuscles were vibrating freely and not influencing each other 
we should have 

When we take the electrostatic forces between the two coTpoades 
into account these equations become 

m^^ + /i^.-^(l-3cos«<?)(a^-^ 
m -^ + fia^^^{l - 3 cos« (?)(«i - x^) 
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where e is the electrostatio measure of the charge on a corpuscle, 
r the distance between the corpuscles and the angle the lioe 
joininff the corpuscles makes with the axis of x. If pi and p^ are 
now we times of vibration of the system of two corpuscles, we 
see irom equation (I) that pi and p^ are the roots of the equation 

(/A — a — mp^y = a* 
where a is written for 

^(l-3cos»5); 

thus /t — a — mp^ = ± a. 

If Pi is the undisturbed period fi — mpo' =» 0, then 

Pi* = Po\ 

2a 
m 

One period is thus the same as the undisturbed period and if 
Bp is the small change in the other period we have 

Sp = - — = --^(l-3cos»tf). 

'^ mp^ mpoT^ 

Thus if 3 cos' is less than unity the period will be diminished, 
Le. the line will be displaced towards the red end of the spectrum, 
while if 3 cos' is greater than unity the period will he increased, 
Le. the line will be displaced towards the violet end. The greatest 
negative value of 1 — 3 cos* is — 2, the greatest positive value 1, 
thus the maximum increase in the period is twice the maximum 
decrease. 

Thus if we have a crowd of vibrating corpuscles symmetrically 
distributed round one vibrating with the same period, the sharp 
line corresponding to this period will be broadened out into a 
band, the maximum displacement towaixis the violet end will be 
twice that towards the red end, but inasmuch as 2(1 — 3003*^) 
vanishes for a symmetrical distribution, the amount of light in the 
band on the red side of the original line will be the same as that 
on the blue side. 

We see that the maximum amount of widening varies as 1/r*, 
Le. 18 proportional to the density of the synchronously vibrating 
corpuscles; when the spectrum is produced by the electric dis- 
cbarge the number of these corpuscles will increase with the 
current density, hence we see the reason for the well-known 
widening of the lines when the current density is increased. 
A large number of luminous particles would not give widened 
lines unless the particles were vibrating synchronously, it is only 
the density of the synchronous particles that a£fects tne widening 
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and not the density of the whole collection of particles. Thus 
we might have a great density of luminoos particles and yet a 
small density of the particles giving out some particular line, in 
this case we should not get a widening of the line : thus far 
example if we have a smciil quantity of one gas A mixed with 
a large quantity of another B, we might have a lar^ carrent 
density through the mixture and yet a small density of the 
particles giving out the A lines — in such a case the lines of A 
would not widen : we see in this way the explanation of the 
well-known fact that the lines of an impurity ao not widen. 

Different lines in the same spectrum widen to veiy different 
amounts, some become quite broad whilst others hardly widen at 
all : the difference being far ^^reater than could be explained by 
the factor 1/p in the expression for Sp. May not this differeDoe 
in the behaviour of the lines be due to different lines originating 
in different systems ? We are accustomed to regard all the lines 
in, say, the iron spectrum as corresponding to possible periods of 
vibration in the normal atom of iron; it seems to me more 
probable that many of these lines originate from systems whidi 
are not the normal atom, but systems — corpusculates we might 
call them — formed by the combination of the atom with some of 
the crowd of corpuscles by which it is surrounded in the electric 
discharge. When a discharge passes the atoms are surrounded by 
a crowd of corpuscles and it seems probable that compounds, not 
permanent indeed, but lasting sufficiently long to give out their 
characteristic vibrations might be formed between the atom and 
the corpuscles. These compounds need not be all of the same 
kind, nor need all kinds be equally numerous, the lines given out 
by systems which were numerous would widen, while those given 
out bv the scarce systems would not. 

The absorption spectrum of the cold vapour would not show 
the lines due to these temporary compounds of atoms and cor- 
puscles, but these lines might be reversed by vapours through 
which an electric discharge is passing or which are at such high 
temperatures that they are gooa conductors of electricity ; in such 
cases corpuscles are present and could foim compoundls with the 
atoms. 

The lines most likely to be reversed would be those corre- 
sponding to the most prevalent compound, as in the reversiDg 
layer the systems able to absorb these lines would be more 
numerous than the systems able to absorb any other lines; and 
since in the luminous gas the density of these systems would abo 
be ^eater than that of the others, these lines would be the nxMt 
easily widened. Thus we should expect lines easily widened to be 
easily reversed. 

So far we have only considered the effect on the periods of the 
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■ electioetatic repulsion between the corpuscles, we can easily see 
. that similar effects are produced by the forces due to electro- 
magnetic induction. 

The effect of these forces can be represented by introducing a 
. term 



g' f dxi dx^ dyidy^ dzi dz^\ 
Vh-VcUW^ dt dt^ dt dtj' 



in the expression for the kinetic energy of two corpuscles, V being 
the velocity of light, the rest of the notation being the same as 
before. The introduction of this term, if we neglect squares and 
products of the velocities, leads to the equations 

Hence pi and p^, the two periods, are the roots of the equation 

0* - rnP'Y = ( |^)V. 

or I* - mp' '^ ± yTj. P*' 

or 8p = i ^v- — % . 

Thus in the case of two corpuscles the shift due to the electro- 
magnetic induction would be the same on the two sides of the 
original line ; the effect in this case is proportional to p while for 
the electrostatic repulsion it is proportional to 1/p, It is also 
proportional to 1/r instead of l/r* so that thou&;h the electro- 
magnetic effect of a single corpuscle is less than the electrostatic 
effect, the effect of more dist^ant corpuscles will be relatively more 
important and we have to integrate the effects over a larger 
volume. The jjeneral conclusions drawn from the consideration of 
the electrostatic effect apply also to the electromagnetic. 
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On Secondary Rontgen Radtation. By Prof. J. J. Thomsok, 
M.A., F.R.S. 

[Read 12 March 1906.] 

The greater part of the secondary radiation produced when 
R5ntgen rays pass through a medium is absorbed in the medium 
itself, the part which emerges and which is all that can be 
measured is but a small fraction of the whole secondary radiatioD. 
We can find the relation between the energy of all the secondaiy 
radiation and of that inrhich emerges in the following way. Sup- 
pose the absorbing medium is a plate of thickness h boimded by 
planes at right angles to the axis of x, and let the primaiy njs 
be travelling parallel to the axis of x. 

Let /o be the amount of energy crossing unit area in anit 
time for the primary waves when they enter the plate, X tlie 
coefficient of absorption of the primary radiation ; / the inteos^ 
of the primary radiation when it has travelled a distance « in tlie 
plate will be equal to I^e"^ ; the amount of energy absorbed in a 
distance dx is \I^€~*^dx, let the amount of this energy emiUed 
as secondary radiation be KKl^e^^dx. Half of this will travel 
forward in the direction of the primary radiation and half will 
travel backward. Let ^T, 22 be the amounts of energjr in the 
secondary rajrs travelling backwards and forwards respectively 
which cross unit area in unit time at a distance x from tbe 
front of the plate, fi the coefficient of absorption of the secondaiy 
rays ; we have 

dT - ^KXl.e'^dx - fiTdx, 

- dU = i /eX/o r-^dx- fiRdx ; 

the solutions of these equations satisfying the oonditioDS tliftt 
TsO when x^O, and R^O when x^h, are 

1 mXT 

To find the values when the secondary rays emerge from the 
plate we put x^^h in the expression for T and x»0 in the ex- 
pression for jR ; doing this we find 

R ■ 1 !^I*. (I _ .-*+*) *>. 
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If the plate is thick enough to make ffh large, we have 

2/8-X ' 



2/8 + X* 

If £f is the ionization produced by the secondary rays in a thin 
layer of j^ close to the front layer of the plate S^ Jkyt^ where t 
is the thickness of the layer, and y the coefficient of absorption 
of the secondary rays in the gas. If P is the ionization produced 
by the primary rays in the same layer P = I^Bt, 8 being the co- 
efficient of absorption of the primary rays in the gas ; hence 

8 ^R 7 1 K.\ 7 

As the secondary rays are, in general, much more easily absorbed 
than the primary, fi will be large compared with \ ; when this is 
the case, we have approximately 

S_1k^ 7 
P^2 fi •«• 

Now \fS is the ratio of the coefficients of absorption of the 
primary rajrs in the plate and gas respectively, while fi/y is the 
ratio of these coefficients for the secondary rays, and for R5ntgen 
rays the softer the ra^s the greater is the absorption of dense 
media in comparison with gases ; hence, as the secondary rays are 
softer than the primary rays, we should expect fi/y to be greater 
than X/S, and in this case 

or K> 28/ P. 

When the plate is made of a dense subetauce like lead 8 is 
much greater than P. I have lately measured 8 for a large number 
of di£ferent elements, and found that taking any two elements 
the one with the greater atomic weight gives the greater value 
of iSf, so that the values of 8 for the different elements are in 
the same order as their atomic weights. If, however, 8 is greater 
than P, /c is greater than unity; this implies that unless the 
proportion of eneigy spent in ionization is much larger in the 
case of the secondary radiation than in that of the primary, more 
energy is given out as secondary radiation than is supplied by the 
primary. We may regard the primary radiation as causing an 
explosion in some of the atoms resulting in the emission of 
secondary radiation, and suppose that part of the energy of the 
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secondary radiation comes from the liberation of the int^iuJ 
energy of the atoms of the absorbing substance. This is oqq* 
sistent with the result recently obtained by Professor Bamstead. 
that when equal amounts of energy of primary radiation wen 
absorbed by lead and zinc, the heat produced in the lead was 
greater than that produced in the zinc ; this points to the con- 
clusion that, at any rate in the case of lead, the afaeorptioo «f 
primary Rontgen rays is accompanied by a change in some of 
the atoms. 
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The influence of a very strong magnetic field on the epark 
spectra of paUadium, rhodium and ruthenium. By J. K PuBVis, 
M^, St John's College, Cambridge. 

The author has previously given an account* of an investiga- 
tion on the influence of a magnetic field on the spark spectra of 
vanadium, platinum and iridium. It is there pointed out that 
there are hnes of vanadium which can be grouped together in 
having the same general appearance of the constituents of the 
divided lines, and essentially identical values of dKf\* for these 
constituents ; and also that there are lines of platinum and iridium 
which can be classified in a similar manner. 

The following account is to describe the results of similar 
experiments with palladium, rhodium and ruthenium, elements 
which are usually put in the same group in possessing similar 
general physical and chemical properties. The same apparatus 
was usea as in the previous experiments. The strength of the 
magnetic field was 39,980 units; and only those Tines were 
measured whose constituents left well marked in^&ges on the 
photographic plate in an exposure of 30 minutes. The column 
X gives the wave length of the undisturbed line ; the distances 
of the constituents of the divided lines (represented in the 
column d\ in the previous paper) are omitted ; but the values 
of iK/X* calculated from them are given, a + si^ signifying 
constituents of greater wave length, and a — sign tnose of 
diorter wave length. As before, the letter s means that the 
line vibrates so Siat its electric-vector is perpendicular to the 
lines of force, and p that it is parallel thereto. The remark, 
"the middle constituent removed by calcite" means that the 
constituents were so close, or so intense, or so di£fuse that they 
could only be seen separated by cuttin{[ out those parallel to 
the lines of force by introducing a calcite prism between the 
soiuce of light and the quartz len& 

* Tram. Ca$nb. PhU, Soe. Vol. xz, No. Tiii, p. 198. 
VOL, Xlll. PT. VI. 22 
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An attempt has been made to describe the intensities of the 
constituents of the divided lines, the lower numbers representing 
lines of greater, and the higher numbers lines of smaller, in- 
tensities, but they should only be read as approximate vaiae& 
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The lines were identified by comparison with the measure- 
ments and descriptions of Exner and Haschek {Sitz. d. k, Akad, 
Wien, 1895, vol. civ. ii^. abth. p. 950). 

The following lines are divided into four constituents. Their 
general appearance is not the same and the differences are in- 
dicated by the intensity numbers as well as the values of dkfW 
They may be compared with the constituents of the two rhodium 
lines described in p. 332. 



X 


dX/X« 


In- 
tensity 




+ 2-19* 


4 




+ 105 p 


2 


3460-4 









-105;> 


2 




-219« 


4 




+ 2-24 8 


3 




+ 0-84 p 


3 


32587 









- 0-84 p 


3 




- 2-25 8 


3 



Compare with the qnadraplet of Bh. S503*7, 
'' p. 332. The oonatitaentt appear to be 
simple multiples of one another. 



1 



Compare with the quadruplet of Bh. S474-7, 
I p. 882. The oonstitaents appear to Im 
equaUy intense. 



) 



The following lines are divided into triplets. (Generally, the 
middle constituent is the strongest, but this is not always the 
case, and relative differences in intensities are marked by approxi- 
mate numbers. Unless otherwise stated, the middle constituent 
vibrates parallel, and the two outside ones perpendicular, to the 
lines of force. The distances were measured from the centre <^ 
the middle constituent 





+ 1-54 


2 


42130 





1 




-1-63 


2 




+ 1-22 


6 


4087-2 





3 




-1-22 


5 



The middle eonstitnent removed hy ealdta. 
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X 


d\l\* 


In- 
tensity 






-1-33 


5 




3958-8 





3 






-1-34 


5 






+ 210 


4 




3894*3 





2 






-212 


4 






+ 1-84 


5 


) 


3719-2 





3 


} The constitneDts were Tery diffase. 




-1-85 


5 


) 


3634-8 


+ 1-86 


-1-86 


2 

2 
2 


1 

The 8 components appeared to be equally 

strong. 

< 




+ 1-64 


2 


» 


3609-8 





2 


do. 




-1-56 


2 


■ 




+ 1-70 


2 


1 


3633-0 





2 


do. 




-1-68 


2 


1 


36170 


+ 1-26 


-1-26 


2 
2 
2 


1 

The middle constituent removed by oalcite. 
The 3 oomponents are equally strong. 

1 




+ 1-63 


4 




3489-7 





2 






-1-64 


4 






+ 1-30 


3 




3481-1 





2 






-1-31 


3 






+ 1-50 


3 




3441-3 





2 


■ 




-1-53 


3 






+ 1-68 


4 




3433-3 





2 






-1-71 


4 





22—2 
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X 


dX/X> 


In- 
tensity 




3421-2 


+ 1-49 


-1-50 


2 
2 
2 


1 

■ The 8 oompone&to an equally stroiig. 


3404-4 


+ 1-74 


-1-70 


1 
2 
1 


The 2 ouUide componenU care Btranger tktui thi 
middle one, 

• 


3372-8 


+ 1-98 


-2-00 


3 
2 
3 




3267-1 




• • • 

2 
2 
2 


Too weak to mearan the oonstitaeiiti. 


3242-8 


+ 1-90 


-1-89 


I The 8 oomponents are eqoallj ■trong. 

1 


31141 


+ 1-48 


-1-50 


5 
8 
5 




3027-9 


+ 1-53 


-1-64 


5 
3 
5 




2854-5 


+ 1-71 


-1-68 


3 
2 
3 


* 


2763*2 




• • • 

4 
2 
4 


The oomtitaenta are loo neak to meaion. 


2658-7 


+ 2-20 


-2-22 




2636-0 






\ 


^m ^m ^^ ^m ^0 

2628-3 






2593-3 




^The eonstitoeiite of all theee linee woe loo 


iW^ «F ^^ ^^ 




weak and difloie to meaaaxe. 


2584-1 








^V •^ ^^ «fc ^ 

2569-7 






■•^^ ^^ ^F ■ 




J 
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X 


(tX/X* 


In- 
tanaity 




2552-0 


+ 1-12 


-1-12 


3 
2 
3 


1 

The middle oonititnent removed by oaloite. 

1 




2561-0 




• • • 

5 
3 
5 


Too weak to meunre. 

The middle oonatitaeiit removed by oalcite. 

1 




2534-6 


+ 1-36 


-1-35 




2606-2 


+ 1-27 


-1-27 


3 
2 
3 


1 

do. 

1 




2499-2 


+ 1-54 


-1-57 


3 
2 
3 






2496-7 




■ • • 

5 
3 
5 


Too weak to measare. 




2489-6 


+ 2-20 


-2-22 




2488-9 


+ 1-60 


-1-60 


3 
2 
3 






2486-4 


+ 1-69 


-1-60 


3 
2 
3 






2472-6 


+ 1-16 


-1-16 


6 
4 
6 


1 

■The middle constituent removed by oaloite. 




2471-3 


+ 1-16 


-1-16 


5 
3 
5 


1 

do. 

1 




2470-0 


+ 2-28 


-2-31 


5 
3 
5 




• 


2469-0 


+ 1-86 


-1-93 


5 
3 
5 
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2457-4 
2446*4 

2435*4 



2433-2 

2430-7 

2419-0 

2414-7 
2406-9 
2388-4 

2362*4 



2351-7 



2296*5 



+ 1*72 


-1*72 

+ 1-06 


-1*06 



+ 1-47 


-1*47 



4 2-23 


-2-20 

+ 1-63 


-1*63 



5 
3 
5 

5 
3 
5 



5 
3 
5 



4 
2 
4 

4 
2 
4 



Too weak and diffuse to measare. 



The middle ooDBtituent ramoTed by eeloite. 



do. 



Too weak and diflose to meMue. 



The middle coDstitDent removed bj ealcite. 



Too weak and diffaie to measure. 



1 



The middle oonstituent removed by caldte. 



Too weak to measure. 



The following lines become doublets, but they hare not tke 
Rame general appearance. The two constituents of sevenl (n 
them are equally strong in both edges ; whilst, of othen. the 
inside edges are sharper and stronger than the outside edges, whiok 
appear to be more diffuse. It is probable that other oonstitaeoti 
overlap^but they are too weak and diffuse to separate distinctlj 
by the calcite. The measurements were taken between ^ 
centres of these aggregates. The values of dX/X* for the ood- 
stituents of 8690-S and 2372*2 appear to be identical with tbcieof 
the strong constituents of the quadruplet from 3480*4 (p. 326)i 
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X 


dx/x« 


Id- 
tensity 


4473-4 




• • • 


3832-6 


+ 1-31 


-1-31 


3 
3 


369Q'3 


+ 1-04 


-104 


2 
2 


3382-6 




• • • 

2 
2 


3301-9 


+ 0-72 


-0-72 


3251-4 


+ 0-65 


- 0-65 


3 
3 


3059-4 






3032-2 




1 

1 


3002-6 


+ 1-24 


-1-24 ' 

1 


4 

1 

4 , 


2980-7 




1 
1 

■ ■ ■ 1 


2372-2 


! 
+ 1-05 


-1-05 


3 
3 



I The coDBtitnentB are too weak to measure; 
the outer edges of the constituents appear 
to be more diffuse and weaker than the 
inside edges. 

The 2 constituents appear to be equally strong 
on both sides. 



The 2 constituents are very strong and diffuse. 
Compare the quadruplet of 3460-4 (p. 326). 



Too weak to measure. 



! The conRtituents of both these lines are strong 
; and diffuse. 



]■ 



Too weak to measure. 



I The outside edges of the constituents appear 
f to be more diffuse than the inside edges. 

Too weak to measure. 



Compare with 3690*3 and the quadruplet from 
3160-4 (p. 326). 



The lines 85711, 2424-5, 2357*7, are Deither divided nor 
widened. 

There are many other lines which are widened or divided, but 
thev are too weak for analysis. Only those lines are described 
which distinctly affect the photographic plate during an exposure 
of 30 minutes. 
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Rhodium. 

The lines were identified by comparison with the measiire- 
ments and descriptions of Exner and Haschek {Sits, d k. Akad. 
Wien, 1896, vol. civ. ii^. abth. p. 960). 

The following lines are divided into four constituents. Their 
general appearance is not the same, as is indicated by the differ- 
ences in the intensity numbers, as well as by the values of dX/X*. 



X 


dkjX* 


In- 
tensity 




3502-7 


+ 2-08 $ 
+ 0*95p 


-0*96;> 
-2*08* 


4 
2 

2 
4 


Compare with the qiuulniplet from Pd. 8460*4, 
p. 826. 


3474-7 


+ 2*21 s 

+ 0*82 p 



- 0*82 p 

- 2-22 s 


3 
3 

3 
3 


1 Compare with the qoadniplet ftx>m Pd. 8S58-7, 
r p. 836. 

1 


3461*9 


+ 1*02^ 
+ 0-87;> 


- 0*87 p 
-l-02« 


6 
3 

3 
6 




3280*4 


+ 1*86« 
+ 0*62p 


-0*62;> 
-1*86* 


3 
3 

3 
3 


The oonstitiieDtB appear to be aimple mnltiplM 
of one another. 

1 



The following lines are divided into triplets. The middle 
constituent is generally the strongest, and relative differences ai6 
noted by approximate numbers, as well as by different appe•^ 
ances in the diffuseness. The middle constituent vibrates panlleli 
and the two outside ones perpendicular, to the lines of force. The 
distances of the outside constituents were measured from the 
centre of the middle one. 
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X 


dX/X* 


In- 




4528-9 


■•••••a • 


• • • 


Too weak to meaBore. 


4374-9 


+ 1-76 


-1-77 


3 
2 
3 




4288-9 


+ 1-70 


-1-73 


5 
3 
5 




4211-3 


+ 214 


- 2,12 


3 
2 
3 




4154-6 


+ 1-85 


-1-84 


6 
4 
6 




4135-4 


+ 1-71 


-1-73 


5 
3 
5 


V 


4129-1 


+ 1-92 


-1-90 


5 
3 
5 




4121-9 


+ 1-61 


-1-69 


5 
3 
5 


The oonstitaente are very diffaee. 


4083-0 


+ 1-96 


-1-90 


5 
3 
5 


do. 

1 


3984-7 


+ 1-89 


-1-86 


6 
4 
6 




3975*6 


+ 1-96 


-1-94 


6 
4 
6 
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X 


d\l\* 


In- 
tensity 




39591 


+ 1-57 


-1-60 


3 
2 
3 




3942-8 


+ 1-95 


-1-94 


4 
3 
4 




39361 


+ 1-91 


-1-96 


4 
3 

4 




3877-6 




• • • 

6 
4 
5 


The oonstitnents are too weak to meaBOv& 


3870-4 


+ 2-07 


-2-10 


1 

The 8 constituents are broad and diffote like 
those from 3815*2. 

< 


3856-7 


+ 1-78 


-1-75 


2 
2 
2 


I The 8 eonstitnents appear to be almost eqviUy 
j strong. Compare 8658*1. 


3834-1 


+ 1-38 


-1-37 


5 
3 
5 


The 8 oonstituents are diffuse. 

1 


3828-7 


+ 2-10 


-212 


3 
2 
3 


The 8 eonstitnents are sharp and similar to 
those of 8818-4. 


3822-4 


+ 1-40 


-1-37 


3 
2 
3 


- The 8 oonstitoents are diffnse. 


3818-4 


+ 2-12 


-214 


3 
2 
3 




3816-7 


+ 1-69 


-1-65 


5 
3 
5 


The 8 oonstitoents are Teiy diffnse. 

1 


3815-2 


+ 212 


-212 


5 
4 
5 


rThe eonstitnents are broad and diffnw, t^ 
impinge upon each other. Only by icno^ 
ing the middle oonstitoent by oak»te wM n 
possible to measure the separation. Coia- 

[ pare 8870-4. 
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X 


dkl\* 


In- 
tenBlty 




38061 


+ 1-66 


-1-69 


5 
3 
5 




3793-4 


+ 1-92 


-1-91 


3 
2 
3 




3788-6 


+ 1-91 


-1-88 


5 
3 
5 




3778-3 


+ 1-42 


-1-42 


6 

4 
6 


,- The middle oonstituent removed by calcite. 


37701 


+ 1-74 


-1-76 


5 
3 
5 




3765-2 


+ 2-04 


-2-01 


3 
2 
3 




3754-4 


+ 2-31 


-2-30 


5 
3 
5 




3744-3 


+ 200 


-203 


6 
4 
6 




3737-5 


+ 2-10 


-2-10 


6 
4 
6 




3735-5 


+ 1-74 


-1-76 


3 
2 
3 




37021 


+ 1-66 


-1-64 


3 
3 
3 


The middle oonstitoeiit is very ilightly itronger 
[ than th^ two oatside ooee. 

1 


3699-7 


+ 1-60 


-1-57 


6 

4 
6 
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X 


dKl\* 


In- 
tensity 






+ 1-62 


5 




3696-7 





3 


Compare 8690*9. 




-1-61 


5 


1 




+ 1-61 


5 




3690*9 





3 






-1-62 


5 






+ 2-15 


6 




3681-3 





4 






-214 


6 






+ 1-81 


6 




3666-4 





4 






-1-79 


6 




36621 




■ • • 


The eonstitnentB are too weak and diffan to 






meaeoie. 


36581 


-I-1-65 


-1-70 


2 
2 
2 


1 

[ The S oomponente appear to be almost eqoally 
strong. Compare 8396*7. 




+ 1-80 


5 




3626-8 





3 






-1-77 


5 




3615-2 




• « • 
5 






+ 1-27 




3597-4 





3 






-1-25 


5 






+ 1-47 


5 




3596-4 





3 






-1-48 


5 






+ 1-85 


5 




35833 





3 






-1-82 


5 






+ 210 


5 




3538-3 





3 






-210 


5 
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X 


<(X/X* 


In- 




35281 


+ 1-77 


-1-76 


3 
2 
3 




3507-4 


+ 1-36 


-1-36 


4 
2 
4 




3498-9 






TliA AnnAtitiiAntfl A.rA tnn vtaaIt ftA mraMim 


3479-0 


+ 1-47 


-1-49 


6 
3 
6 


AA<w WUBWltUOUMl MAO kW WSMA SV lUWBUAv* 


3477-9 






do. 
. The middle number remoTed by caloite. 


3470-6 


+ 0-61 


-0-61 


3 
2 
3 


3440-4 


+ 1-29 


-1-29 


6 

4 
6 




3434-3 


+ 1-73 


-1-71 


3 

4 
3 


\ The middle oonstitoent is not to ttrong m the 
two oatnde ones. (Compue Pd. 8404*4, 
) p. 898.) 


3412-2 


+ 1-63 


-1-64 


6 
4 
6 




3399-7 


+ 1-63 


-1-64 


6 
4 
6 




3396-7 


+ 1-76 


-1-78 


2 
2 
2 


] The 8 oonstitoents appear to be equally strong. 
Compare 8658*1. 


Ir. 13323-0 


+ 1-63 


-1-83 


3 
2 
3 


< 
The middle constituent is only a shade stronger 
than the two oatside. 
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X 


dX/X« 


Id. 
tensity 




3283-5 


+ 115 


-1-16 


5 
3 
5 




3271-5 


-I-1-64 


-1-65 


6 
4 
6 




3267-5 




• • « 

4 
6 


The oonetttnente ve too WMk to meMoie. 


^^ ^v ^^ ^ %^ 

3263-0 


+ 1-44 


-1-42 




31910 




• • • 

• • • 


do. 


3187-8 




(The 8 eonetitaents are wy bcoed and widn 
into ea^ other. Thejr an too week to 
( meaeore on wparation by the oaloite. 


T^ m ^X » %^ 




3159-2 


+ 2-50 


-2-48 


3 
5 




3141-0 




• • • 

6 
4 

6 


The oooatitnente an too weak to meamre. 


V#^ A ^ A ^^ 

2988-9 


+ 1-52 


-1-48 




2963-4 


+ 1-80 


-179 


5 
8 
6 




2926*4 




• • ■ 

6 

4 
6 


do. 


^V V^ W ^^ A 

2923-8 


+ 201 


-201 




29101 


+ 1-82 


-1-83 


3 
2 
3 




2845-5 


+ 2-84 


-2-85 


5 
3 
5 




2802-1 




• • • 


do. 


flV^^ ^^ ^v ^ 




wn^v 
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X 


dXfK* 


In- 
tensity 




2781-6 


+ 2-21 


-2-21 


6 
4 
6 




2778-1 


+ 1-65 


-1-65 


5 
3 
5 


The middle oonstitaent remoyed by calcite. 

1 


27756 


+ 1-64 


-1-66 


6 
4 
6 




2766-4 




■ • • 

5 
3 
5 


The constituents are too weak to measote. 


2739-8 


+ 2-39 


-2-41 




2737-2 


+ 1-42 


-1-42 


3 
2 
3 




2728-9 


+ 2-31 


-2-31 


6 
4 
6 




2715-2 


+ 1-76 


-1-75 


3 
2 
3 




2705-5 


+ 1-76 


-1-76 


3 
2 
3 




2683-8 


-1-70 


-1-67 


5 
3 
5 




2663-6 


+ 219 


'- 2-19 


5 
3 
5 




2659-1 




• • ■ 


The oonstitneiits are tnn wA&k And diffase to 






measore. 


2651-8 


+ 1-78 


-1-77 


5 
3 
5 


• 
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26390 



26351 



2630-3 



2628-1 



2625-3 



2609-1 



2596-8 



2591-9 



2587-1 



2581-4 



2568-8 



2559-8 



2557-1 



dKl\* 


In. 
(entity 


+ 1-69 


-1-69 


• • • 

5 
3 
5 


+ 2-04 


-2-07 


6 

4 
6 


+ 1-55 


-1-60 


5 
3 


+ 1-97 


-1-95 


5 
3 
6 


+ 1-76 


-1-76 


5 
3 
5 


+ 1-65 


-1-70 


5 
3 
5 


+ 2-25 


-2-23 


6 

4 
6 


+ 1-83 


-1-83 


6 
3 
5 


+ 2-50 


-2-47 


6 
3 
6 

• • • 


+ 1-79 


-1-79 


5 
3 
6 



(The oonttitaentt are weak and widen into 
XX 2688-8, 9689-8, lines not marked hj Bxocr 
and Haechek at belonging to Rhodium. 



The eonttitiientB are too weak to BMaioie- 



do. 
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X 


dX/X« 


In- 
teniity 




2545-3 


+ 2-32 


- 2-32 


5 
3 
5 




2520-6 


+ 1-98 


-1-95 


3 
2 
3 




2517-7 




• • • 

3 
2 
3 


The ooostitnents are too weak to iseMnre. 


2510-7 


+ 1-95 


-1-96 


^^^ ^^^» ^^ ^^ ^^^ ^^^^^ ^^^» ^v ^^m^^^^K^m ^p^v^ ^p^i^w ^^ ^p^^ ^v » ■ ^^^p^^^^^ ^^^^^ ^^^^^ ^^^^^"^^ --^-— ^^ -^ — 


2505-1 


4.1-94 


-1-92 


5 
3 
5 




2503-8 


+ 2-09 


-2-08 


5 
3 
5 




2491-8 


+ 1-69 


-1-69 


5 
3 
5 




2490-8 


+ 1-86 


-1-88 


3 
2 
3 




24756 


+ 1-71 


-1-70 


5 
3 
5 




246M 


+ 1-93 


-1-96 


3 
2 
3 




2459-0 


+ 1-87 


-1-84 


3 
2 
3 




2456-0 


+ 2-02 


-202 


5 
3 
5 




2429-8 




• ■ • 


The oonitttQMitB m too wmk and diflme to 






mMran. 



Tou ziii. n. TI. 



2S 
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X 


• 


In 
tenRity 


t 




+ 1*31 


3 


) 


2427-1 



-1*31 


2 
3 


j- The middle oonBtitneiit remo?ed by caldte. 




+ 1-37 


3 


' 


24210 





2 


do. 




-1*37 


3 


i 




+ 1*27 


t 

! 3 


' 


2415-8 





2 


do. 




-1*27 


3 


4 




+ 1*62 


5 


' 


2396-6 





3 


do. 




-1*62 


5 


. 


2392*3 




• • • 

5 
3 


The oonstitnentfl are too weak to meeraie. 


2366*8 


+ 1*71 



The middle oonatitaent remored by ealdte. 




-1*71 


5 


1 




+ 1-46 


5 


1 


2346*6 





3 


do. 




-1*46 


5 


1 




+ 1*95 


3 




2334*8 





2 






-1*95 


3 




2327*6 




fl • • 


The oonstitQeiits are too weak to measore. 









The following lines become doablets, but thev have not the 
same appearance. The constituents of several of them seem to 
be equally sharp on both edges ; whilst the inside edges of otiien 
are sharper and stronger than the outside edges. There are 
probably other constituents overlapping, but they are too weak 
and difmse to measure on separation by the calcite. The met 



measore- 



iparation by 

ments were taken between the centres of these aggregates. The 
values of dkfK* for the constituents of 3748*5 are comparable with 
those of the strong constituents of the quadruplet of 3280*4; and 
those of 2819*1 with the strong constituents of the quadruplet of 
3461*9. 
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X 


dX/X« 


In- 

tenaity 






+ 1-20 


3 




3934-4 











-1-20 


3 






+ 1-36 


3 




3806*8 











-1-36 


3 




5748-5 


+ 0-62 


-0-62 


3 
3 


The constitaents are yeiy narrow and strong. 
Ck>mpare the quadruplet of 8280-4 (p. 832). 


3713-1 


+ 1-31 



3 


1 

The 3 oonBtituentB are veiy diffiue. 




-1-31 


3 




3655-2 




• • • 

4 

4 


Too weak to meaiure. 


^^ \^ %^ M^ mm 

36061 


+ 112 


-112 


1 The eonstituents appear to be more diflaie on 
>- the outer edges tnan on the inner edges, but 
) they are too weak to analyse. 




+ 1-14 


3 




3549-6 











-1-14 


3 




3372-0 




• ■ • 

• • • 


1 


3207-2 




-__ ■ VVft AA A 






VAH too weak and diffuse to measure. 


3047-2 




• • ■ 

• mm 

3 




3009*3 






^^ ^^ ^r ^F ^^ 

2819-1 


+ 0-88 



. Compare the quadruplet of 8461*9 (p. 883). 




-0-88 


3 






+ 113 


3 




2674-3 











-113 


3 





The Unes 8612-7, 26361, 25876, are not affected when vibrat- 
ing in the magnetic field : they are neither divided nor widened. 

There are many lines which are widened, but they are too 
weak for analysis; and only those lines are described which 
distinctly affect the photographic plate in the time exposure of 
these experiments. 

23—2 
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Ruthenium. 

The lines were identified by comparison with the measure- 
ments and descriptions of Exner and Haschek (Sitg. d, k. Akad, 
Wien 1896, voL cv. iIa. abth. d. 707. 

The following lines are oivided into tripleta The middle 
constituent is generally the strongest ; and relative diflferences of 
intensities are marked bv approximate numbers as well as bj 
different appearances in the aiffuseness. The middle constituent 
vibrates parallel, aod the two outside ones perpendicular, to the 
lines of force. The distances of the two outside constituents were 
measured from the centre of the middle one. 




4710-0 



4647*9 

4599*4 

4554-9 

4410-4 
4307-9 

4298-1 



4247-1 



4243-3 



4241*4 



+ 2-54 



Too weak to maatnre. 



Too weak and diffoee to meMore. 



Compare 4214*8. 



Too 



to 
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4214-8 


+ 2-67 


-3-67 


42125 


+ 1-89 


-1-88 


4200-3 


+ 1-92 


-1-93 


4168-0 




4146*1 




4144-5 


+ 2-01 


-2-01 


41131 


+ 1-88 


-1-89 


4098-2 




4081-0 


+ 1-92 


-1-93 


4051-8 


+ 2-06 


-2-06 


3945-7 


+ 1-48 


-1-48 


3933-7 


+ 1-77 


-1-77 


3909-3 




3868-0 


+ 2-10 


-2-13 



5 

3 
5 

2 
1 
2 

2 
1 



3 
2 
3 

5 
3 
5 



3 
2 
3 

5 
3 
5 

5 
3 
5 

5 
3 
5 



5 
3 
5 



GompMW 4i48'8. 



Gompare 4900*8. 



■ Too weak And diffuse to mMfon. 



do. 



The middle ooneiiiaent removed by celeite. 



Too weak to meafore. 
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X 


dX/X» 


In- 

tensity 


3862*8 


+ 1*53 


-1*53 


5 
3 
5 


3857-6 


+ 2*30 


-2*30 


3 
2 
3 


3850-6 


+ 2-57 


-2*58 


6 
4 
6 


3839-8 


+ 1*97 


-1*95 


5 
3 
5 


3822*2 




• • • 

5 
3 
6 


3817*4 


+ 1-65 


-1*67 


3812-7 




• • • 

3 

2 
t 


? Rh. 3799-5 


+ 1-75 


-1*751 


3799-0 


+ l-77t 


-1-77 


t 
2 
3 


3790-6 


+ 1*67 


-1*66 


3 
2 
3 


3786-2 


+ 1-52 


-1*53 


3 
2 
3 


3781*3 




■ • a 

• • • 


3766*0 




3745-7 


+ 1*64 


-1*62 


3 
2 
3 



Too weak to meMiue. 



do. 



> 



The most infrangible oonstitaent of ? Bh. 879l^€ 
widens into the leaet refrmngible one of 879M 



Too 



to 
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37430 



3730-6 



3728-3 



3727-2 



3669-7 



3663-5 



3661-6 



3635-1 



3600-0 



3596-4 



3593-2 



3570-7 



34991 



dXps* 


In. 
tenaity 


+ 1-71 



5 
3 


+ 1-89 


-1-87 


2 
1 
2 


+ 2-00 


-203 


2 
1 
2 


+ 1-87 


-1-90 


2 

1 
2 


+ 1-74 


-1-72 


5 
3 
5 


+ 1-28 


-1-28 


3 
2 
3 


+ 2-23 


-2-20 


3 
2 
3 


+ 1-71 


-1-74 


5 
3 
5 


+ 1-89 


-1-92 


3 
2 
3 


+ 1-24 


-1-24 


2 
1 
2 


+ 1-87 


-1-80 


2 
1 
2 



1 



The most refrangible oonstiinent widens into 
the donblet of 8742*8. 



Too weak to measure. 



The middle constituent removed by caloite. 



do. 



Too weak and diifuie to measure. 
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3437-0 



3428*5 



3417-4 



3339-8 



3339-6 



3294-2 



3228-5 



3177-0 

3093-8 
3056-7 
3036-4 

2991-5 

2988-8 

2979*9 



2979-6 



dKp<* 


In- 

iennty 


+ 1-5C 


-1-53 


3 
2 
3 


+ 2-31 


-2-37 


3 
2 
3 


+ 1-25 


-1-25 


3 
2 
3 


+ 1-89 

t 


5 
3 
t 


t 



-216 


1 
3 
5 


+ 1-73 


-1-76 


5 
3 
5 


+ 1-97 


-2-00 


5 
3 
5 




• • • 
. • • 

3 
2 
3 

• • • 

5 
3 
1 




+ 114 


-lU 


+ 1-62 


f 


t 



-1-65 


t 
3 
6 



The mo0t refhuigible oomfeiiaeiit of 8889-8 
widens into tiM IflMt lefiraogiUa one of 8888*6. 



Too 



to 



The oonetitaentfl mie ell too week to 



Too week to meeeoie. 



The moet refrangiUe oonetitueni of 887H 
widene into the leeet retenglble 000 of 
8979-6. 
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X 


dKp^* 


In. 
tensilj 






+ 2-03 


5 




2978-5 





3 






-2-05 


5 




2977-4 


+ 1-85 



6 
4 


[The mo0t nfrangiUto oonfdtaent widsns into 
1 2977-2. 




t 


t 


/ 


2977-2 


+ 0-73 



5 
3 


r The middle coneiitiMnt ramofed by oAloite. 




-0-73 


5 




+ 1-80 


2 




2976-5 





1 






-1-82 


2 






+ 1-97 


2 




2965-6 





1 






-1-99 


2 






+ 2-16 


2 




2945-6 





1 






-218 


2 






+ 212 


3 




2927-6 





2 






-2-09 


3 




2916-4 




• • • 

3 


Too weak (o measure. 


•• ^F ^b ^F ^ 


+ 2-24 




2882-4 





2 






-2-24 


3 




2841-9 




• • • 

• • • 

3 


' 


2813-5 




Too week end diflnae to meeiiire. 


^v^^ ^ ^^ %^ 


+ 1-67 


< 


2810-9 



-1-67 


2 
3 


The middle ooneiitaeni remoTed bj oeloite. 




+ 2-39 


3 




27880 





2 






-2-39 


3 






+ 213 


3 




2778-6 





2 






-209 


3 
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X 


dKPi* 


In. 
tensity 






+ 1-98 


5 




2752-9 





3 






-1-98 


5 






+ 2-49 


3 




27441 





2 






-2-51 


3 






+ 219 


3 




2734-6 





2 






-2-22 


3 






+ 1-95 


5 


' 


2717-6 



-1-95 


3 
5 


The middle conBtitaent lemoved by ca 




+ 2-28 


3 




2712-5 





2 






-2-26 


3 






+ 2-25 


3 




2692-3 





2 






-2-21 


3 




2687-7 




• • • 

2 


Too weak and too diffnae to meaaon. 




+ 216 




2679-0 





1 






-2-20 


2 






+ 2-26 


3 




2662-0 





2 






-2-29 


3 






+ 1-81 


5 




2661-5 





3 






-1-78 


5 




2656-5 




• • * 
■ • • 

« • • 

3 
2 


' 


2643-1 






2617-2 




-Too weak and dilhiae to measofe. 


2591-5 




, 


2543-5 


+ 1-38 



r 

The middle oonatitoent removed by m) 




-1-38 


3 


1 
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X 


<iX/X* 


In- 
tensity 




26071 




• • • 




2493-8 




■ • • 


Too weak and diffuse to meMore. 


2481-3 










+ 1-76 


5 




2455-7 





3 






-1-76 


6 






+ 1-80 


3 




2403-0 



-1-80 


2 
3 


The middle oonstituent ramoyed by oalcite. 


2358-2 




• • • 


Too weak and diflnae to meaame. 







The following lines become doublets, but they have not the 
same appearance. The constituents of several of them seem to 
be eoufuly sharp on both sides ; whilst the inside edges of others 
are snarper and stronger than the outside edges. Probably there 
are other overlapping constituents, but they are too weak for 
analysis, as in the ease of palladium and rhodium. The measure- 
ments were taken between the centres of these aggregates. 



4584-7 


+ 109 


-109 


2 
2 


4460-4 




• < • 
2 
2 


4372-7 


+ 100 


-100 


4217-6 


+ 1-41 


-1-41 


3 
3 


4206-5 


+ 1-37 


-1-37 


2 
2 


^ .^ >^ .M « 


+ 0-79 


3 



3926-1 I 

-0-79 



Compare X 4872' 7. 



Too weak and diffuse to measure. 

The ootside edge of each oonstituent is more 
diffuse and weaker than the inside edge. It 
is too weak to analyse. 



do. 



do. 



The constituents seem to be equally sharp in 
both edges. 
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3831-8 



3742-8 



3539*4 



3514-6 

2822-7 
2807-0 

2769-2 




2725-6 



2513-4 



24791 



+ 1-41 


-1-41 

+ 114 


-1-14 

+ 1-32 


-1-32 

+ 1-42 


-1-42 



+ 1-24 


-1-24 

+ 1-21 

! -1-21 

+ 2-31 


-2-31 

+ 1-33 


-1-33 



3 
3 



3 
3 



3 
3 
3 
3 
3 
3 
3 
3 



Compare 8614*6. 



1 



The 8 oonetiiiieiitB mre veiy diffue. 



Too weak to meMure. 



The edges of eaoh oonstiliMiii 
equally aharp. 



to be 



do. 



The edges of (he oonatitaento an mrj diftM. 



The lines 8777*7 and 3589*4 are neither separated nor widened 
when vibrating in the magnetic field. 

There are many other lines widened or divided, bat they 
are too weak for analysis. Only those lines are noted which dearly 
affect the photographic plate in 80 minutes exposure. 
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Oeneral Results. 

The more important results to which attention may be drawn 
in the preceding observations of the spectra of palladium, rho- 
dium and ruthenium are as follows: 

(1) If the lines of each separate metal are compared with 
one another, it will be noticed that some of them can be grouped 
together as having the same general appearance of the con- 
stituents, the same polarisation and essentially identical values 
of cfX/V: and thb agreement is well seen amongst the lines 
which become triplets. Amongst the lines which become doublets, 
this comparison cannot be so ri^d, because, as already stated, 
there are probably other overlappmg constituents. But they may 
be compared with each other in the same way and also with the 
stronger constituents of the quadruplets. 

(2) If the lines of the three metals are compared with one 
another, it will be noticed that there are some which have the 
same appearance, the same intensity, the same polarisation and 
the same value of dk/W The most prominent examples are the 
quadruplets from palladium 3460*4 and rhodium 3502*7, and also 
the quadruplets from palladium 3258*7 and rhodium 3474*7. 
Amongst the lines which become triplets and doublets there are 
some which can be grouped together m a similar way. 

(3) The displacements of the constituents of some of the 
divided lines are simple multiples of one another. Several 
instances are noticeable amongst the quadruplets of palladium and 
rhodium. And in some instances, the value of dX/V for the con- 
stituents of some lines is a multiple of the value for the constituents 
of other lines. 

The results of other metals will be published later. 

I have again to thank Professor Liveing for the use of his 
spectroscope, and Professor Larmor for his interest in the worL 
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Experiments on the band-spectrum of nitrogen in a strong 
magnetic field. By J. E. Purvis, M.A.. St John's College, 
Cambridge. 

[Read 14 May 1906.] 

Experimenta have previously been recorded by Becquerel and 
Deslandres {Comptes rendus^ vol. 127, 1898, p. 20) on the band- 
spectrum of nitrogen when vibrating in a magnetic field, and they 
shewed that there was neither appreciable division nor widening 
(ni d^doublement ni ^lar^issement appr^ciables) of the bands 
when vibrating under the mfluence of the electro-magnetic field 
utilised by them. The stren^h of this field with a current of 
9-10 amperes was 20,000 units. 

The author has repeated the experiments when the discharge 
took place in a field of 41,000 units. The tubes containing the 
nitrogen were specially made with the capillary parts of 3*5 mm. 
external diameter, so that they could be introduced between the 
poles of a magnet 4 mm. apart With a current of 25 amp&res» 
a field strengtn of 41,000 units was obtained between these pole& 
The nitrogen was obtained from barium nitride kindly given to 
me by Dr Scott, and was dried and purified before entering the 
tubes. The parts of the capillary not within the sphere of in- 
fluence of the magnetic field were screened off, and the light bom 
the unscreened part was focussed on the slit of the spectrosoope 
by a single lens. The discharge was obtained by means of a coil 
giving a 6-inch spark and without a jar. In the first experiments 
a plane grating was used of 14,438 lines to the inch, and the various 
bands in the third and fourth orders of the spectrum were re- 
spectively focussed on the photographic plate, so that each band 
could be investigated separately. In the later experiments, Pro- 
fessor liveing's large 21-foot concave grating was used, whereby 
the bands could be photographed at the same time on the same 
plate, and the 1st and ]^urt of the 2nd orders observed. The 
second order ranged from about X 8500, so that the bands in the 
ultra-violet could not be photographed in consequence of the glass 
tubes absorbing these vibrations. 

Eye observations were made in the earlier experiments with 
the plane mating, and photographs in the later onea. But the 
range of the latter is obviously limited in consequence of the 
absorption by the glass of the rays of greatest refrangibility. As 
is well known, the colour of the discharge in nitrogen when 
vibrating in a magnetic field changes from a buff or pink to 
a bright steely blue colour. At the same time the spectral bancb 
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in the red, orange and yellow almost disappear, whilst those in 
the green, blue and violet become brighter and stronger, and this 
is especially noticeable in the bands in the blue parts of the 
spectrum. But there did not appear to be any shift of the bands 
either relatively to each other or to their respective previous 
positions. Nor did there appear to be any widening or division 
of the separate lines forming the bands. Particular attention was 
devoted to the three strong lines which form the " heads" of the 
bands, and which are much easier to observe in consequence of 
their ^at intensity as compared with the other lines. But no 
widening nor separation could be seen in any of them. The 
apparent widening may be explained by the increased intensi^ 
fication in the luminosity of the separate constituents of the 
bands in the green, blue and violet regions, when the discharge 
is taking place in the magnetic field. 

These experiments, therefore, confirm the previous observa- 
tioik& And whatever be the origin of the vibrations which 
produce the nitrogen bands, they seem to prove that these 
vibrations are different from those produced in the spark spectra 
of elements, whose lines, in a magnetic field of the same strength, 
are not only widened but are separated into several constituents. 
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On the iomsatum of gases exposed simvltansouHy to BSiUgss 
rays and the radiation from radio-active substances. By T. Noda, 
Tokio Higher Normal School, Japan. Communicated by fnl 
J. J. Thomson. 

[Eead U May 1906.] 

§ 1. The following experiments were undertaken to see 
whether the ionization due to X-rays and different Beoquerel 
rays acting simultaneously is equal to the sum of the ionisalioiis 
due to the same rays acting separately. 





The apparatus consists of an ionimtion vessel V and a small 
gold-leaf electrometer E, with the connecting wire W between 
them. 
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The ionizatioD vessel is a vertical brass cylinder 12 cm. in 
diameter and 19 cm. in length. A brass rod 2 mm. thick and 
31 cm. lonfi passes through a small hole in the centre of the top 
of the cylinder. It is fixed in the cylinder and insulated from it 
by M>lug of sulphur. 

The bottom of the cylinder has a large hole 6 cm. in diameter, 
which is covered with a thin leaf of aluminium. 

The electrometer is furnished with a small adjustable con- 
denser C, consisting of two circular discs 5 cm. in diameter coated 
with sealing-wax. Both the cylinder and the box of the electro- 
meter are earthed, while all the other parts including the connecting 
wire are enclosed in brass tubes which are also earthed, so that 
they are protected from any electrical disturbances. Moreover, the 
connecting wire is enclosed in a small glass tube to protect it 
against tnose rays which may enter the protecting tubes. The 
charging and discharging of the brass rod are effected by pushing 
a small disc D, which can be connected by means of a commutator 
M with the negative pole of a battery or with the earth at will, 
affainst the top of the rod, whose potential is indicated by the 
diveigence of the gold-leaf of the electrometer, which is read by 
a microscope with a micrometer eye-piece. The leakage of the 
apparatus itself (that is, the ionization vessel, the electrometer 
and the connectins; wire) when no ionizinc; agent is at work, is 
very small ; it required about 40 minutes to decrease the divergence 
of the electrometer by one division, so that it can be entirely 
neglected in the following experiments, which treat of the potential 
fiill corresponding to 20 divisions in 1 or 2 minutes. 

( 2. The amount of ionization due to rays is measured by 
the leakage thereby produced from the brass rod to the wall of the 
cylinder. If the current between the rod and the cylinder wall 
due to the ionization is alwavs in the state of saturation, then its 
strength is independent of the potential difference between them, 
and the electricity which escapes, and therefore the fall of potential 
of the apparatus, is jointly proportional to the intensity of ionization 
and the time required. Consequently if we apply two ionizing 
agents separately and produce the same £sill of potential of the 
rod every time, then the strength of ionization of the two agents 
18 inversely proportional to the time required for it 

In order to see how strong the ionization can be while still 
maintaining the state of saturation, I calibrated the electrometer 
(with the ionization vessel and the connecting wire) with a 
Weston's voltmeter. 

The following is the result. 
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Experiment 1. 





DiTergenoe of 


Potential in Tolts 


eleetrometar in 




BOftle divisionB 


39 


i 

11-0 


590 


20-8 


78-0 


32-2 


990 


47 


116-0 


60-0 


138^0 


80-0 



Therefore the fall of potential corresponding to the decrease of 
divergence from 80 to 47 of the scale is equal to that oorrespondiog 
to the decrease from 47 to 21*4. 



Experiments 2, 3, 4. 



Exp. 2. 



Exp. 3. 



Exp. 4. 



Time in see. required by the deotrometer 
in falling in potential 


B»aa 


flrom SO to 47 


firom 47 to 21*4 




190 
19-2 
19-6 
18-3 
17-8 


220 
21-6 
22-9 
20-6 
20-5 


116 
113 
117 
113 
116 

Meanl , «. 
value} ^'^^ 


31-5 
29-8 
300 
29-6 


32-7 
31-0 
31-5 
31-6 


104 
1-04 
1-05 
1-07 


118-5 
117-3 
111-4 
110-0 


116-8 
112-7 
114-6 
114-0 


•986 

•961 

1-029 

1-036 






vZ} '-^^ 
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A radium specimen was put in the lead tube 22 and various 
intensities of ionization were obtained by putting a number of 
thin aluminium plates at the bottom of the tube. The time 
required to reduce the divergence from 80 to 47 was compared 
with that required from 47 to 21*4. 

The procedure is as follows : the disc was connected with the 
battery, pushed against the top of the discharging rod, drawn 
back a few centimetres and earthed, and then the transits of the 
gold-leaf across the micrometer scale divisions 80, 47, and 21*4 
were observed by a stop-watcL The results are given on the 
opposite page. 

AjBSuming the constancy of the intensity of the radiation from 
the radium we see that the current was saturated only in the last 
experiment, so that it was necessary to work always with about 
that or a smaller intensity of ionization. In realitv I used only 
those intensities of ionization which produce the &11 of potential 
from 66 to 45 of the scale in about one minute or a longer time. 

§ S. Firstly, I tried the combination of X-ravs and uranium- 
raya As before the radium was put in the leaa tube 12 with a 
proper number of thin aluminium plates at the bottom. An X-ray 
tube was placed below the ionization vessel and enclosed in a 
thick- walled lead box, which has a hole 8 cm. in diameter just 
above the tube. 

The hole is guarded by a lead cylinder through which the 
rays pass frt>m the tube, they also pass through the aluminium 
leaf at the base of the ionization vessel. 

For the purpose of preventing the ray which passed through 
the ionization vessel from attacking the conducting wire two 
lan^e thick lead plates were placed on the vessel, so that the 
leakage horn parts of the apparatus other than that of the dis- 
chamng rod m the vessel mav be taken as small. 

it may here be remarked that the complete absence of this 
leaka^, though desirable, is not absolutely necessary for these 
experiments, so long as we keep the conditions of ionization the 
same throughout one set of ex{)eriments. 

Since the variation of the intensitv of X-rays during one set 
of experiments was unavoidable, the leakage due to X-rays was 
measured before and after the measurement of the leakage under 
the combined effect of X-rays and radium-rays, and the mean of 
them taken. The results are as follows. 
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Experiment 5. 
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From this table we see that the ionization due to radium-nys 
and X-rays acting simultaneously is equal to the sum of the 
ionizations due to their acting separately. 

§ 4. Secondly, I tried the combination of radium-rays and 
uranium-raya. As the source of the latter I made use of uranium 
oxide. The aluminium leaf at the bottom of the ionization vessd 
was taken off and the hole was covered with a shallow circular 
brass dish 7*5 cm. in diameter and 5 mm. in depth containing 
uranium oxide, which was pressed against the l)ottom of the 
cylinder by a strong spring. When only the radium was acting, 
I put instead of this uranium dish another dish of exactly the 
same form and size, but without uranium oxide, so that the 
leakMC by the radium took place in exactly the same conditions 
whether it acted singly or conjointly with the uranium oxide. 

Since the radiations from the radium and uranium oxide can 
be considered as constant during the experiment, I adopted in this 
case a simpler procedure than m the previous one. The radium 
specimen was put in the lead tube R and the leakage measured 

Next, the uranium oxide dish was substituted for the empty 
one and the leakage measured. Then the radium was taken off 
and the leakage due to the uranium oxide only measured. 

The results are as follows. 
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Experiment 6. 
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From this table we see that the ionization due to radium and 
Irani um oxide acting simultaneously is equal to the sum of the 
onizations due to them acting separately. 

§ 6. Thirdly, I tried the combination of X-rays and uranium- 
rays. Since the experiment could not be conveniently can-ied out 
:>y the old arrangement, a new ionization vessel was constructed. 

The vessel is a very short cylinder 14 cm. in diameter and 
i cnL in height. 

Its top has a hole at the centre through which a brass rod 
Msses into the vessel in the same manner as in the previous 
^ases. The lower end of the rod carries a wire net in the form of 
I circle 10 cm. in diameter in a horizontal position. 

The distance of the net from the base of the vessel is about 
I cm. The base itself is not soldered to the vessel, but only 
pressed against it by means of two brass springs, so that it can b^ 
^en awaj at will. The central part of the base is marked for 
;he reception of a circular metallic disc 10 cm. in diameter, which 
m covered with uranium oxide leaving a blank margin. 

In consequence the ionization current due to the uranium 
>xide mainly takes place between the oxide and the wire net 

When only X-rays were acting, I put instead of this disc 
uiother disc of exactly the same form and size, but without 
uranium oxide. The side wall of the vessel has an aluminium 
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window wide enoueh to let X-rays from a tube by the side of the 
yesael pass through every part of the vesBel. 

The procedure of the experiment is the same as in the last 
experiment. It is only to be remarked that since the diaoharge 
was greater than in the previous cases, owing to a larger surCioe 
of the wire net and of the uranium oxide used, I let the disdiaige 
go on through 25 divisions (from 65 to 40) of the micrometer 
scale. 

The condition of saturation of the current was tested and 
found complete. 

The following are the resulta 

Experiment 7. 
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From this table we see that the ionization due to uranium- 
rays and X-rays acting simultaneously is equal to the sum of 
the ionizations due to their actine separately. 

Thus X-rays and all Becquerel rays have the same ioninng 
power whether they act separately or simultaneously. 

In conclusion t have much pleasure in acknowledging the 
invaluable advice and kindly interest of Prof. Thomson. 
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On the Measurement of the Earth- Air Current and on the 
Origin of Atmospheric Electricity, By C. T. R. WiLSON, M.A., 
Sidney Sussex College. 

[Read 30 April 1906.] 

Ill ordinary fine weather there ia, as is well known, an electric 
field near the earth's surface, the direction of the fiold being down- 
wards; in other words, the surfiace of the ground is negatively 
charged. We now know also that the atmospheric air contains 
free ions, which will move under the action of the electric force. 
Unless therefore there are other compensating processes at work, 
there must be a continuous flow of positive electricity in fine 
weather regions from the atmosphere into the ground. 

In order that we should be able to judge of uie sufficiency or 
otherwise of the various theories of atmospheric electricity, a know- 
ledge of the magnitude of this current from the atmosphere into 
the ground is required. For this current is a measure of the rate 
at which the electric field is being destroyed, and therefore, if the 
field remains undiminished, of the rate of regeneration of the 
electric field that a theory of atmospheric electricity has to 
account for. A knowledge of the earth-air current at various 
places distributed over the earth's surface under different weather 
conditions and at different times of the day and year is much to 
be desired, especially if simultaneously measurements could also 
be made of the charge carried down to the earth's surface by pre- 
cipitation. Before however an attempt is made to carry out 
systematically measurements of this kind, it is of importance that 
suitable methods of making such measurements should be devised 
and tested. 

The methods at present in use for deducing the value of the 
earth-air current involve first a measurement of the potential 
rradient at the time and place of observation, and secondly a 
measurement of the leakage from a charged conductor under such 
conditions that the current is proportional to the charge— in other 
words, to the strength of the neld at its surface. The latter 
measurement, which is equivalent to a measurement of the con- 
ductivity of the atmospheric air, is not an easy one to carry out 
satisfactorily. The zersireiuungsapparat of Elster and Qeitel, with 
which the conducting power of the free atmospheric air was first 
proved and its variations studied, does not give a reliable measure 
of the true dissipation coefficient, the number of ions per c.c. in the 
air under test being less than in the free atmosphere (except when 
there is unusually efficient ventilation and rapid renewal of the 
air by the wind) owing to recombination of the ions and their 
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removal by the electric field applied. Id the improved methods, 
as used for example by Qerdien, the air is drawn through a tube 
with an axial roa, a sufficiently small difference of potential being 
maintained between the tube and the rod to ensure th^ only a 
very small proportion of the total number of ions is removed by 
the field from the air passing through, so that the charge acquired 
by the rod is proportional to the potential difference, i.e, there is 
no approach to saturation. 

The present paper contains an account of experiments made to 
test a method suraested in a paper recently read before this Society 
{Proc. Camb. PhtT. 80c. Vol xili. p. 184). An insulated oondnctor 
connected to an electrometer is initially at zero potential and 
under a metal cover. The earth connection is broken and the 
cover removed, the conductor beiog thus exposed to the earth's 
electrical field. The potential of the conductor is thus raised, but 
is at once brought back to zero by means of a compensator. When 
this adjustment has been made we know that the charge removed 
from the electrometer and its connections by the displacement of 
the compensator is equal and opposite to that held on the exposed 
part of the conductor when at zero potential by the action of the 
earth's field. When the compensator has once been standardised 
its readings measure the charge on the exposed conducts when 
kept at zero potential ; this charge will be tne same as if the con- 
ductor were earth connected. If now by means of the compensator 
the conductor be maintained at zero potential for a few minutes 
and the cover be then replaced, the new reading of the compen- 
sator, when again adjusted to bring the electrometer reading back 
to its zero, measures the charge which has entered the conductor 
from the atmosphere in the given time. 

By this method both the charge on an exposed conductor and 
the current flowing into it from the atmosphere, when it is main- 
tained under the same conditions as if it were connected to the 
earth, are directly determined. The method has considerable 
advantages over the more indirect methods. 

We may be said to determine directly the actual chaive which 
has passed from the atmosphere in a known time through a con- 
ductor into the earth. Under ideal conditions the conductor wonkl 
take the form of a flat plate at the level of the earth's surfiMse; we 
should then obtain directly the current per square cm. of a flat 
portion of the earth's surface. In practice it is not convenient to 
proceed in this way, but to measure the current through and 
charge upon a eonductor of suitable form when kept at aero 
potential, and to assume the ratio of the current to the charge 
(the dissipation coefficient) to be the same fi>r all exposed con- 
ductors ; then if the potential gradient and hence the charge per 
squai*e cm. of the ground be known the earth-air current may be 
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I deduced. As thus carried out the method is the same in principle 
. 88 that hitherto adopted, the difference being in the measurement 
I of the dissipation factor, which, according to the method of this 
; paper, is obtained by observations on the current through a con- 
f ductor exposed under normal conditions in the free atmosphere. 
I There is the further advantage that if we use the same conductor 
I exposed at the same height and otherwise under similar con- 
ditions in successive experiments, the charge on the conductor 
, will be proportional to the potential gradient ; and when once the 
I appropriate reduction iiEictor has been obtained, the potential 
I gradient is measured concurrently with the other measurements, 
, and without the disturbing influences of any of the various forms 
, of collectors. 

To make the method of measuring earth-air currents which is 
here suggested practicable, a portable electrometer, suitable for 
measurements in the neighbournood of zero potential and provided 
with a compensator for maintaining the potential at zero, is re- 
quired. Such an electrometer was described and its application 
to the present purpose suggested in the paper already mentioned. 
The main object of the present paper is to indicate how the 
method has worked in practice. 

The figure (Fig. 1) shows the apparatus which was attached 




Fig. 1. 

for the purpose of the present measurements to the electrometer 
already described. Supported on a vertical rod screwed into the 
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terminal of the electrometer is a horizontal circular 
plate/' 5 cms. in diameter. This is surrounded as shown by a 
guard ring 15 cms. in external diameter, the upper surfiioes of 
test-plate and guard ring being in the same horizontal plane. The 
annular gap between the test-plate and the guard ring was half a 
cm. wide. The guard ring was supported on the top of a bnsB 
cylinder 2*5 cms. high and 8*5 cms. in diameter, the base of tfab 
being carried by a tube, about 5 cms. long and 1*5 cms. vnde, which 
fitted on to the vertical tube attached to the top of the eleclio- 
meter case and surrounding its terminal. On the guard lii^ 
could be placed the " cover" of brass, 4 cms. high and 8'5 cms. in 
diameter. 

In making a measurement the electrometer is placed on a 
low tripod stand in an open space, the surface of the test-plate 
being in most cases from 60 to 100 cms. above the ground. The 
cover is placed on the top, and the system of test-plate, Yertical 
supporting rod and gold-leaf earthed by means of the earthing rod. 
When it is desired to make a measurement the earth connection 
is broken and the cover removed. The observer with his eye at 
the observing microscope will see the gold-leaf deflected from its 
zero position when the cover is removed, and he at once brings it 
back to zero by sliding in the compensator ; this adjustment can 
be made within a very few seconds. The reading of the compen- 
sator, if it has previously been standardised, will give at once the 
charge on the test-plate when exposed to the earth's field and kept 
at zero potential. By adjusting the compensator as may be re- 
quired the observer now maintains the gold-leaf as nearly a& 
possible at the reading corresponding to zero potential for a few 
minutes, and the cover is replaced after a definite number of 
minutes have elapsed since its removal. The compensator is now 
drawn out till the gold-leaf again indicates zero potential. If no 
current had entered the test-plate from the atmosphere tbe com- 
pensator would have had to be drawn right out to its initial 
position ; the actual compensator reading when the zero potential 
IS indicated by the gold-leaf enables uie charge gained by the 
plate in the given time to be deduced. The test-plate is agaia 
earthed, the compensator drawn out to its standard position, the 
earth connection oroken, the cover removed and the charge on the 
exposed test-plate when brought to zero potential again measured; 
under ordinary conditions the mean charge on the test-j^te 
during the exposure may be taken as the mean of the results 
of the initial and final observations, which will of course he 
identical if the potential gradient has not meanwhile altered 
Any rapid or irregular changes in the potential gradient during 
the exposure will be dotectea through the movements which have 
to be given to the compensator to keep the potential at aero. 
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We have obtained by these obaervations : 

1. The chaige on our test-plate when earth connected and 

exposed to the earth's electric field. This is directly 
proportional to the potential gradient, and if we 
always fix the instrument at the same height above 
the ground we may determine once for all the factor 
by which to obtain the potential gradient from the 
charge on the test-plate. This method of measuring 
the potential gradient has the advantage of being 
practically instantaneous and of not requiring the use 
of any flame, radio-active substance, water dropper or 
other collector. 

2. The charge which has passed from the atmosphere into 

the test-plate in a definite number of minutes when 
the test-plate is kept at the same potential as if 
earth connected. 

3. The ratio of the charge passing per minute into the 

test-plate from the atmosphere (obtained from 2) to 
the charge on the test-plate (I) both measured by 
the compensator may be taken as giving the dissijm- 
tion constant under conditions of exposure identical 
with those to which natural earth-connected bodies 
are exposed. 
It is only for a few seconds at the be^nning and end of the 
measurement, in the interval between taking off or putting on the 
cover and bringing back the gold-leaf to its zero position by 
the compensator, that the potential of the test-plate and the 
connected system differs by more than a very small fraction of 
a volt from the potential when earth connected. The danger of 
error due to &ulty insulation of the test-plate is therefore very 
small. The insulation can however be readily tested by putting 
on the cover and charo^ing the test-plate system to any desired 
potential by means of the compensator ; the insulation was always 
found to be high when thus tested. A failure of the insulation of 
the quartz Leyden jar supporting the inner case of the electro- 
meter would DC more senous; it was found however to remain 
practically perfect, the change of zero only amounting to a small 
fraction of a volt in 24 hours, and the system not requiring to 
have its charge replenished for some months when once chaiged. 
There remains to be considered the working of the compensator. 
This consists of a brass tube, kept at a constant negative potential 
by being connected to a quartz Leyden jar, and forming with an 
inner concentric rod attached to the terminal of the gold-leaf an 
air condenser of variable capacity. The adjustment always being 
made in such a way as to bring the gold-leaf to zero potential, 
the charge held on the rod was proportional to the potential of the 
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outer tube and to the capacity of the air oondenaer for a ^ 
position of the compensator. When the compenaator was in its 
standard position, i.e. fully drawn out, the condenser tube was then 
some distance beyond the end of the rod, so that the potential of the 
tube might be varied lugely without that of the rod being seoflibly 
affected. With the compensator in its standard position there is 
thus no danger of an apparent gain of chaise by the test-piate, 
merely due to defective msulation of the Leyden jar caixying the 
compensator tube. 

Let us suppose the operations described above for the measure- 
ment of the cnarge on and current through the test-plate to be 
performed. When the cover has beeu romoved and the compen- 
sator has been moved to bring the potential back to seio, the 
condition of all parts of the system which includes the gold-leaf 
test-plate and connecting rod will be the same as initiallv, except 
that there is a charge on the upper surface of the test-plate pro- 
portional to the potential gracuent and an equal and opposite 
charge on the roa of the compensator, the total charge on the 
system remaining the same. The charge on the compensator rod 
can be deduced from the scale reading when the standardiaiiig 
measurements described below have been made. To maintain the 
gold-leaf at zero potential the compensator may have to be moved 
owing to either or both of two causes : (1) the potential jpradient 
may change, and (2) electricity may flow from the air mto the 
test-plate. An increase in the field (it is assumed to be of normal 
sign) will increase the negative charge on the surface of the test- 
plate, this requiring the compensator to be pushed further in till 
there is a further equal increase in the positive charge on the com* 
pensator rod. Under the action of the field, again, ^itive ions 
aro likely to move up to the test-plate, and the positive chaise 
entering the conducting system is prevented from raising the 
potential by i^in pushing in the compensator to increase by 
the corresponding amount the capacity of the sliding condenser, 
so that the whole increase of charge iB held on the oompeosator 
rod. On putting on the cover the negative chaise is no longer 
held on the upper surface of the test-plate, and to Iwing tM 
potential of the system back to zero the compensator has to be 
drawn out till its capacity is such that the positive chaise on the 
compensator rod when the potential is zero is eoual to that whioh 
has been gained by the system from the atmospnere. This chaige 
can then be determined frx>m the position of the oompensator. 

We have to consider the question to what extent any fidliue of 
the insulation of the compensator may introduce error into the 
results. The charge measured is, for a given reading of the com- 
pensator, proportional to the potential of the oompensator tube or 
of the inner coat of the Leyden jar to which it is attached. A 
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change in the potential of the compensator tube, if not allowed 
for, would under the conditions of the experiments introduce a 
corresponding error into the measurement of both the charge on 
the test-plate and the current into it. It is however easy to test 
the constancy of the compensator constant from time to time by 
measuring the displacement required to cause a given change 
of potential of the gold-leaf system, the cover being on so that 
the gold-leaf system may have a definite capacity. In the instru- 
ment actually used there was rarely any sensible change during a 
series of observations. 

To standardise the compensator the following method was 
used. A circular brass plate (Fig. 2), '' the condenser plate," of 
the same diameter as the guard ring surrounding the test-plate, 
was supported by means of three insulating feet on the guard ring. 
The distance of the condenser plate from the guard ring and test- 
plate was 1*28 cms. The condenser plate could at will be earthed 




Pig. 2. 

or connected to the positive terminal of a battery of one or more 
secondary cells of which the other terminal was connected to the 
electrometer stand. The compensator was first drawn out to its 
fall extent, the test-plate and condenser plate both being earthed. 
The earth connections to both plates were now broken, and the 
condenser plate was brought to a definite potential by means of 
the cella This raised the potential of the test-plate, causing a 
corresponding displacement of the gold-leaf The compensator 
was then pu^ed in su£Bciently to bring the potential of the test- 
plate as indicated by the gold-leaf back to zero. We now have 
the test-plate at the same potential, zero, as the guard ring, the 
condenser plate above it bemg also at a known potential K ; we 
can thus readily calculate the charge on the test-plate. An equal 
and opposite charge has been removed from the system by the 
displacement of the compensator. By repeating this process for 
vanous values of the potential of the condenser plate the chars^e 
held on the compensator rod corresponding to any position of the 
compensator can be determined, and thus a calibration curve for 



370 Mr WiUon, On the Measurement of the Earth-Air 

the compeDsator readings constructed. It is not however neoesauj 
to have available a whole series of cells, the whole califaratioD may 
in fact be made with a single cell by slightly modifyioff the 
method. The compensator reading corresponding to a (£aige 
equal to that induced on the test-plate by a single cell is deter- 
mined as before. The compensator however, instead of beiiu; 
drawn back after this observation to its standard position, la Im 
untouched ; the test-plate and condenser plate are earthed and ths 
operation described above repeated, the only difference being that 
the displacement of the compensator is from the point where it 
was left at the end of the previous determination. This prooess is 
repeated till the whole scale of the compensator has been traversed; 
at each displacement of the compensator an additional chaige is 
drawn into the compensator rod equal to that induced on the test- 
plate when it is at zero potential and the condenser plate is con- 
nected to the positive terminal of the cell. A combination of the 
two methods was in practice found convenient, the first method 
being used till six cells had been inserted, and the second method 
with steps of six cells at a time being used for the rest of Uie 
calibration. 

For a given compensator reading the charge held on tiie 
compensator rod (when kept at zero potential) is proportional 
to the potential of the compensator tube. The form of tiie 
calibration curve is thus the same whatever the potential of 
the compensator tube. When once a calibration curve has been 
constructed for one value of the potential of the compensator tube 
(chosen for its convenience in giving a suitable numoer of points 
on the curve with the cells available) we may adjust the chaj^ of 
the Leyden jar attached to the compensator to suit the magnitiide 
of the charge it is desired to measure. The ordinates of the cali- 
bration will merely have to be multiplied by a different iactor, 
which can readily be found by comparing the displacements of the 
compensator required to raise the potential of the gold-leaf system 
by a definite amount as indicated by the displacement of the goM- 
leaf ; the measurement in each case being made with the ordinary 
cover over the test-plate so that the capacity of the system may 
be the same. 

The calibration curve for deducing from the compensator 
reading the charge which it was desired to measure was of the 
form shown in Fig. 8, which represents the results of obserratioiis 
made on April 20. The unit of charge of the table and cunre is 
that held on the upper surfi&ce of the test-phite kept at aeio 

¥)tential when the condenser plate is at a potential of 2 voltai 
he reading 30*2 is that of the compensator when drawn fiilW 
out, the reading when it is pushed in against the stops being 0. ft 
will be noticed that the displacement correspondmg to a given 
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increase of charge diminishes rapidly at first as the compensator 
is pushed in, but becomes constant oefore the total displacement 
baa reached 10 mm. and remains uniform over the remaining 
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20 miiL of the scale. The first sis observatioiis* were made hj 
the first method described above, the rest by the second method 
The compensator was graduated in mm., and the tenths of a mm. 
were estimated. 
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22-2 


18 


17-9 
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261 



The charge on the test-plate when at sero potential and witk 
the condenser plate at a potential of two volts, the unit of ehaige 
in the above table, is given sufficiently nearly by 

where ri, r^ are the radii of the test-plate and the apeitore 
surrounding it, V is the potential difference between the platee 
in electrostatic measure and d is their distance i^rtb Insertiif 
the actual values n « 2*5, r. -> 8, F » 2/300, d » 1-28, we oblaiii 
Q at 0*99 X 10~^ electrostatic unit. We have thus the data far 
measuring the char^ held on the compensator rod» kept at mo 
potential, for any given compensator reading, ue, so long as the 
potential of the compensator tube remained the same. If tiui 
potential were altered the factor by which the ordinalea of the 
calibration curve had to be multiplied to jrive the chaij^ ia 
electrostatic units would also be different ^e potential of tht 
compensator tube in the observations of the above table was mck 
that with the ordinary cover over the test-plate the compensator 
had to be drawn out through 6*8 divisions to cause a movement of 
the gold-leaf through 80 scale divisions, the compensator hmg 
pushed in nearly to its full extent before the displaoemoitw Urns 
the same condition of the compensator could be recovered at aay 

* In the curve ■ome additioDal pointa have been mserled 
oiNMrvatumt made with the aid of a potentiometer. 
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time by suitably charging the Leyden jar attached to the compen- 
sator, or the new reduction factor to be applied to the calibration 
curve could be determined by an observation like that just 
described. Thus for example after the above calibration was 
performed the compensator potential was diminished so that to 
cause, under the standard conditions, a deflection of the gold-leaf 
amounting to 5 scale divisions the compensator, originally fully in, 
had to be drawn out through 9*8 mm. The reduction constant 

9*8 6'3 
would thus be increased in the ratio -T~*on ^9*3. A direct 

o oU 

determination of the compensator readings corresponding to known 

chaiges gave the results shown in the following table, the charges 

being given in the same units as in the precedmg table. 



Charge 


Compensator 
reading 


6 
1 
6 
1 
6 
1 
2 

1 


4*3 
20-9 

4-3 
20-9 

4-4 
20-9 
17-6 



To give a reading 4*3 now given by a charge of 6 arbitrary 
units a charge of 56 units would before have teen required, the 
ratio being 56/6 = 9*3, in agreement with that just obtained 
indirectly. For the compensator readings 17*6 and 20*9 the ratios 
are 9*4 and 9*5 respectively. 

The sensitiveness of the electrometer was 6*0 eye-piece scale 
divisions per volt. The microscope was turned so that the rulings 
on the scale were parallel to the edge of the gold-leaf; under these 
(x>iiditions when a straight portion of the edge of the gold-leaf 
was used the coincidence of the edge of the gold-leaf wiui a line 
on the scale could be observed with great exactness ; a departure 
from coincidence amountinjg; to a small fraction of a scale division, 
certainly less than a twentieth, could readily be observed. 

The capacity of the system which included the test-plate and 
g;old-leaf was easily determined. For this purpose the condenser 
plate was placed on the euard ring as in stanoardising the com- 
pensator, and was raised to a known potential by means of a 
aumber of cells, the gold-leaf system being meanwhile earthed. 
The earth connection was then broken, the condenser plate 
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removed and the oover put on in its place. The potential of 
the system can then be obtained from the gold-leaf reading, while 
the charge is known, since it is that which was held on the upper 
surface of the test-plate when at the same potential as the guard 
ring (t^. sero), and with the condenser plate at a known potential 
above it The capacity of the test-plate and gold-leaf system 
with the ordinary cover on and with the compensator drawn out 
was about 9'5 cms.; with the compensator in it was about 10 per 
cent greater. A knowledge of the capacity of the system was not 
required in the measurements of potential gradient or earth-air 
currents. It is given for the purpose of indicating the order of 
magnitude of the smallest chaise measurable with the instrument 
The compensator could be adjusted to ^ve coincidence between 
the edffe of the gold-leaf and a scale division to within 1/20 of a 
scale division, t.e. to within 1/120 of a volt, oorrespondin^r to a 
quantity less than 1/120 x 1/300 x 9*5 » about 1/3000 E.U. 

Most of the measurements of the charge upon and current 
through the test-plate when kept at zero potential have been 
oarri^ out on the top of Hamildon Hill, near Peebles in Scotland. 
The hill is 1210 feet (370 metres) high, and has a flattened top. 
The electrometer stood upon a metal tripod adjusted to such a 
height that the test-plate was cither 60 cms., 90 cms., or 130 cms. 
above the eround 1 have not attempted to determine the fiictor 
by which the charge on the test-plate must be multiplied to give 
the undisturbed potential gradient or the charge per square cm. of 
the ground. The order of operations generally adopted was as 
follows. When the apparatus had been set up the compensator 
constant (the factor by which the ordinates of the calibration 
curve had to be multiplied to obtain the corresponding charge in 
electrostatic units) was first determined by finding the displace- 
ment of the compensator required to cause a movement of the 
gold-leaf through a definite number of scale divisions as described 
above. The test-plate system was then earthed b^ means of the 
earthins; key and the electrometer zero observed ; it was adjusted 
by a smtable displacement of the microscope so that the straight 
edge of the gold-leaf coincided exactly with one of the scale 
divisions of the eye-piece scale. The earth connection was then 
broken, and at a definite time the cover was removed and the com- 
pensator at once moved to bring the potential back to zero. The 
compensator reading was then read, this giving the charge on the 
plate. The compensator was moved as might be requirm to keep 
the potential at zero, and when a definite number of minutes. 
generally from two to five, had elapsed since its removal, the 
cover was replaced and the compensator drawn out to bring the 

Eotential bacK to zero, its reading then giving the charge gained 
y the plate in the known time. The system was then earthed to 
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test the zero aj^in. Finally the compensator was drawn out, the 
earth connection broken, and the first operation of finding the 
charge on the exposed test-plate at zero potential repeated, so 
that any change of the potential gradient might be detected. 
Qenerally the change in the potential gradient between the two 
measurements of charge was small, and the mean was taken as 
the charge for the time during which the current was measured, 
and this value was used in aeducing the dissipation factor. A 
second measurement of charge and current could now be made as 
soon as might be desired. The testing of the compensator constant 
did not require as a rule to be made again except at the end of 
the whole series of observations ; it generally showed no appreciable 
change in a few hours. 

The results of the hill-top measurements are given in the table 
on page 376. 

The time is that at which the cover was removed at the 
beginning of an observation. It was replaced from two to five 
minutes later. 

The charge and the leak are those of the test-plate, and are 
given in electrostatic units ; I have not attempted to deduce the 
corresponding charge and current per square cm. of the ground 
The last column, giving the ratio of the leak per minute to the 
charge, may be taken as the dissipation factor measured under 
conditions very like those holding at the surface of the ground 
The observations were taken under very varied conditions. The 
smallest dissipation, of the order of one per cent, per minute, was 
observed on April 10th on a cloudless day with a somewhat thick 
haze. Values equal to or approaching 10 per cent, per minute 
were not unfrequent. Fairly high values exceeding 5 per cent, 
were obtained on the only occasion when such measurements were 
attempted at night (April 8th, between 11 p.m. and midnight). 
The night was perfectly clear and calm; the observations were 
made without the use of any artificial light which might have 
influenced the leakage; they were carried out entirely by the 
light of the full moon. 

The mean value of the dissipation factor from these observations 
is 5*6 per cent per minute. 

Objections might with some justification be raised that the 
dissipation constant as deduced by the present or other methods 
can nardly be applied with confidence to the calculation of the 
actual earth-air current, the materials covering the earth's surface 
being very different from the metal test-plate. 

The matter is very readily tested with the apparatus which 
has been described. For any conducting body may be placed on 
the test-plate, and the charge upon it and current through it, 
when exposed to the earth's electric field and kept at zero 

26—2 
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potential, measured exactly aa before. For the measurements 
of charges beiQg all made m terms of the compensator readings, 
they are independent of the capacity of the rest of the system. 
The test-plate may for example l>e covered with turf and the 
dissipation CEU^tor determined for thia Measurements of this kind 
were made on the hill-top on April 17th, observations with and 
without the turf being taken alternately. The test-plate was 
about 60 cms. above the ground. 





Time 


" per minute 

1 
1 


With turf 
Without turf 
With turf 
Without turf 


3.44 
3.50 
3.56 
4.3 


ir8 

3-7 

15-3 

44 


105 
•33 

1-35 
•35 



DissipatioQ 
factor 



8-9 
8-9 
8-9 
7 9 



The charge with the turf on was considerably greater than 
without it, owing to the fact that it projected considerably above 
the level of the guard plate ; the current was however increased in 
approximately the same ratio, so that the dissipation fiftctor is not 
sensibly altered. 

I have also made measurements by the same method of the 
charffe upon and current through a growing plant exposed 
to the earth's field and kept at zero potential. To make a 
measurement of this kind the plant growing in a flower-pot is 
placed on the test-plate, and a metal cover large enough to admit 
of being removed and replaced without danger of contact with the 
plant was put over it, resting on the guard plate. The measure- 
ments were then made as before. The plant which I used to test 
this application of the method to such measurements was a young 
wall-flower, 14 cms. high and 8 cms. across at the widest part, the 
whole height with the pot being about 20 cms. ; the cover was 
cylindrical, 22 cms. high and 12*5 cm& in diameter. The measure- 
ments were made in a garden, in which the electric field was veiy 
much weakened by the shielding action of buildings, trees ana 
teleffraph wires. The charge on the plant was about 20 times that 
on we test-plate, as found on making alternate exposures with and 
without the plant on the test-plate, reaching even in the weak 
electric field of the garden to as much as one electrostatic unit. 
The observations did not show any evidence that the dissipation 
fiMstor was different for the plant and test-plate, but a large series 
of compariBons would be required to test to what ext^t, if at 
all, it differs. The experiments tried however were sufficient 
to prove the practicability of the method. 
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It is pofssible to test by a slight modification of the oonditioDS 
of the experiments just described a whole class of theories of the 
origin of atmospheric electricity; those namely which sapnose 
the electric field in fine weather regions to be maintained or 
regenerated by the action of the air on earth-connected bodies 
in these regions. Such theories would imply that air in passing 
over the earth's surface becomes positively charfi;ed by friction, by 
a differeuce in the mobilities of the positive and negative ions, or 
otherwise. Let the usual observations of the charge on the test- 
plate, or on a plant or other body placed upon it, while the potential 
IS kept at zero, and of the charge gained by the system under 
these conditions in a given time, be made under the shelter of a 
tree. Under these conditions the electric field and the charge on 
the body under test will almost vanish, so that there is nothing to 
prevent the uegative electrification of the body, which accordiog 
to such theories would result. 

Experiments of this kind have been tried both with the 
ordinary brass test-plate and with a plant. In no case was there 
any evidence of an^ tendency for a negative charge to be acquired, 
the current remaining in the normal direction even in exceedingly 
weak fields. 

Note ox the Origin of Atmospheric Electricitt. 

I take this opportunity of modifying an opinion expressed in sn 
article in Nature (June, 1903), in which I discussed some possible 
sources of atmospheric electricity. I there spoke of the difficulty 
which the recently discovered conducting power of the air intro- 
duced into the theories which explain the fine weather electric 
field by the action of precipitation in wet weather r^on& 
Assuming the electrical current, which according to this view mnrt 
travel iu the atmosphere from wet weather to fine weather regions, 
to be entirely one of convection, the positive charge being carried 
along by upper air currents, I pointed out that the greater part of 
the positive charge of the air would have disappeai'ed by conduc- 
tion to the earth before the air had travelled any considerable 
distance. Thus it would be impossible to explain the existence of 
an electric field at great distances from areas of precipitation. I 
therefore suggested that we might be driven to look to a oosmiosl 
source for the maintenance of ttie earth's charge, e.g, to n^;atively 
charged particles of great penetrating power traversing our 
atmosphere and being absorbed by the earth. 

The possibility of the current from the wet repons to the 
regions of fine weather being, like the vertical electnc current at 
the surface, not due to convection but to conduction, %.e. to move- 
ment of the firee ions under the influence of an electric field, 
there ignored. For this I now think there is no justificatioD. 
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It may be desirable in the first place to make more clear the 
argument against the sufficiency of the condensation theory when 
conduction m the upper atmosphere is ignored. 

Let us assume the total positive charge in the atmosphere over 
an area at a distance from the disturbed region where precipitation 
is going on to be equal in amount to the negative charge on the 
ground in that area. Let us suppose also that the rate of dissipa- 
tion OL the charge on the earth s surface is one per cent, per minute, 
a somewhat low estimate. Then this is also the positive charge 
lost per minute by the air overlying this area. Thus the total 
charge in the atmosphere overlying each square metre of the 
ground, and therefore also the corresponding chaise on the ground, 
will diminish with increasing distance from the disturbed region 
at a rate which will be greater the smaller the horizontal convec- 
tion current. It would be impossible to explain the strong electric 
fields which may persist in calm weather at great distances from 
any disturbed regions ; for even if the air took only an hour to 
travel from the region of precipitation it would have lost about 
half of its charge. In the calm regions the lower layers, which 
carry nearly the whole positive charge, have a negligible horizontal 
motion. A quite impossible velocity would have then to be 
assigned to the upper layers (which carry only a very small 
fraction of the total charge) if the convection current carried by 
them is to make good the loss of the lower layers in each region 
over which they pass. 

The only way in which the condensation theory can be made 
to explain the maintenance of the electrical field in fine weather 
areas at distance from the regions where precipitation is going on, 
isA to suppose that the current in the atmosphere from the wet to 
the dry regions is one of conduction in the upper atmosphere. 
The question to be considered is, then, what grounds have we for 
supposing that the upper atmosphere has sufficient conducting 
newer? 

At a height of about 18 kilometres the pressure will only be 
about one-tenth of that near the gi*ound ; at twice this height it 
will only be about one-hundredth of an atmosphere. Over this 
ranee of pressures the mobility of the ions is inversely proportional 
to toe pressure. Over the same range the coefficient of recombi- 
nation, a, is approximately proportional to the pressure (Langevin, 
C. jB. 137, p. 177, 1903). Let us suppose that the atmosphere 
at different heights is exposed to ionising radiation of the same 
intensity; the rate of production of ions per ac, ^, will be 
proportional to the pressure. When a steady state is reached 

q tm an^ or u^a/^ , n being the number of ions of each sign per 
ac. Now according to the assumptions made both q and a are 
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proportional to the pressure ; thus the number of ions per aa is 
the same at all heights. The conductivity which is proportional 
to the mobility and to the number of ions will thus oe invenely 
proportional to the pressure. At 18 kilometres it will be 10 times 
ana at 36 kilometres 100 times the conductivity near the ^^ond. 
The conductivity near the ground is moreover much diminished 
by the presence of dust particles to which the ions attach them- 
selves, tne average life of the free ion being very much leas than 
would be deduced from the ordinary recombination oonstant 
The conduction of the higher layers may thus be very much 
greater than the above estimate. At greater heights thui those 
considered the conductivity might be expected to mcrease at first 
at an even more rapid rate than would be given by the above law, 
as the size of the ions is less at these low pressures. It is of ooutk 
a somewhat arbitrary assumption which nas been made, «.«. that 
the atmosphere is exposed at all levels to ionising radiation c^ the 
same intensity ; but it is likely that the uppermost layers are ex- 
posed to the action of various ionising nidiations at the least as 
mtense as those to which the lower layers are exposed. (As 
pointed out bv Nordmann {C. R 136, p. 1430, 1903), the diminution 
of the recombination constant with mcreasin^ height is of great 
importance in another way, for at great heights the ionisation 
would take some hours to aie away after the ionising radiation, e.g. 
sunlight, had been cut off.) There may thus be above the lower 
layers a great thickness of air having a conductivity enormously 
gi-eater than that of the lower atmosphere. The total variati(His 
of potential throughout this upper atmosphere even over great 
distances in a lateral direction may be comparatively small. Since 
the potential gradient in fine weather regions is of the order of 
100 volts per metre near the ground and dies awny in the course 
of a few thousand metres above the ground, the potential of the 
upper atmosphere in such regions is of the order of 100,000 volts ; 
a very small lateral potential gradient in the conducting layers 
may be sufficient to maintain the necessary current. According 
to the condensation theory showers of the appropriate kind act as 
the batteries or dynamos by which the atmospheric electrical 
current is maintained. We may suppose that by the fiiUing 
to the ground of a preponderance of nerativelv electrified rain 
there is maintained in the ascending air above the shower a very 
high positive potential. We know, from the strength of the field 
developed in the immediate neighbourhood of the shower and from 
the production of lightning in extreme cases, that the differences 
of potential developed mav be very high, probably many millions 
of volts between a point above the shower and the ground. If we 
suppose that owing to the conductivity of the upper layers the 
potential differences within these layers remain small, we shall also 
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have a potential fiftU in rising from the point considered into the 
conducting upper layers only a few hundred thousand volts less 
than in travellmg from the point to the earth. There will thus be 
a flow of positive electricity into the upper atmosphere, helping to 
maintain its positive potential. Travelling with the current from 
the source we should have a very lai*ge fall of potential in rising 
to the conducting layers, a comparatively small fall in travelling 
laterally in the oonductine layers, and a fall of a few hundred 
thousand volts in passing tnrough the lowest few thousand metres 
to the ground. 

It is a matter of fundamental importance to determine whether 
the Negative charge carried down by rain is sufficient to counter- 
balance the conduction current from the atmosphere to the earth's 
surface over the whole world. We are of course a very long way 
from the solution of this question; according to Qerdien* however, 
to whom with Elster and Oeitel what knowledge we possess as to 
the electrical charges brought down by precipitation is mainly due, 
there is at least agreement in the order of magnitude of the 
quantities. 

The variations of the potential gradient near the ground, e,g. 
the daily variations, are mainly to be attributed to variations in 
the conductivity of the different parts of the atmosphere. The 
increase in the potential gradient due to fog or haze near the 

f round has long been known, and the explanation was given by 
lister and Geitel in one of the first papers in which our knowledge 
of the existence of free ions in the atmosphere was applied to the 
explanation of the phenomena of atmospheric electncity. It has 
been pointed out by O. W. Richard»on {Nature^ April 26, 1906) 
that an increase in the conductivity at a height ought, according 
to the view that I have been supporting here, to cause also an 
increase in the potential gradient at the ground. For an increase 
in the conductivity above will increase the current reaching the 
surface of the earth, and if the conductivity of the lower layers is 
unaltered the potential gradient in the lower layers must be pro- 
portionately increased wlien a steady condition is established. A 
change of conductivity of the lowest layers extending to only a few 
metres above the ground will not alter to any considerable extent 
the earth-air current in that region, and the potential gradient 
when a steady condition is reached will be in this case inversely 
proportional to the conductivity. 

Experiments have recently been described by Campbell and 
Wood showing a daily variation of the ionisation within a closed 
vessel resembling that of the atmospheric potential gradient, 
showing for example an early morning minimum. Dr Richardson 
has pointed out that if these results are interpreted as indicating 

* Oerdien, Phy$ikaliiche ZtiUchr, Jahrg. vi. 1906. 
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the existence of penetrating radiations reaching the earth's suriaoe 
from coemical sources, the coexistence of low values of the radiatioD 
with low values of potential gradient is what might be expected, 
as the upper layers would be exposed to more intense radiation 
than the lower (for we must suppose that there is oonsidendile 
absorption in traversing the atmosphere); the variation in 
ionisation would thus be greater above than below, and the 
potential gradient and radiation would thus vary together. 

If the existence of a penetrating radiation from cosmicsl 
sources were established it would be of the greatest importanoe 
in connection with atmospheric electricity. For it would open 
the Question as to whether the negative chaige of the earth might 
not DC supplied by these rays. At present I think it is much 
more likely that precipitation will prove to be a sufficient source. 
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A suggestion as to tlte nature of the Horny Teeth of the 
AlarsipobntnchiL By H. W. Mareit Tims, M.A. [Camb.], M.D. 
[Edin.], Kings College, Cambridge. 

[Heceivfsd 30 April 1906.] 

The morphology of the teeth of the Marsipobranchii has more 
than a passing interest, since it is intimately bound up with the 
question of the phylogeny of the group. 

The view that the Cyclostomes are degenerate gnathostomatous 
vertebrates, degenemte as the result of parasitism, is supported 
by all the authority of Huxley, Dohrn, Howes, Beard and others. 
The opposite conclusion, that they are primitive vertebrates in 
which true jaws have not been developed, has been advocated by 
Balfour, Uegenbaur, Haeckel, and more recently by Ayres. 
Further, while Huxley regarded the Petromyzontidae as the most 
primitive of the Cyclostomes, Parker, Board and others would 
place the Hags in that position. 

Howes [2] has pointed out that whether or not the Cyclostomes 
are to be looked upon as gnathostomatous depends upon the in- 
terpretation placed upon the term, since it is used indifferently 
to '* express either the mere possession of jaws, apai*t from any 
consideration of teeth or [more generally] that of a dentigerous 
apparatus." 

The disposition and gross anatomy of the teeth have been 
described by J. MUller, W. K. Parker and others, but Beard was 
the first to investigate their histological characters [1]. Since 
the publication of his paper others have appeared by Behrend, 
Ayres and Warren, which, while agreeing in the main with 
Beard's results, ditfer in several important details. 

While working recently at the morphology and development 
of the scales of the Teleostei my attention was directed to the 
subject of the teeth of the Cyclostomes, and it appears to me that 
the results of those investigations throw some light upon the 
nature and evolution of the cyclostome teeth, and to some extent 
harmonise the apparent discrepancies. 

If one examines the scales of one of the Qadidae they are 
found to consist of a number of calcified scalelet« arranged excen- 
trically around a somewhat thickened and calcified " centrum " or 
"foyer," the surfisMse of which is smooth. All these calcified 
structares lie upon a fibrous basis, the periphery of which is 
turned upwards to become continuous with the scale«pocket or 
« schuppen tache." The scale increases in size at its maigin, that 
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is to say, that the formation of additional calcified stitictares 
takes place in the gn)ove where the scale-pocket and the fifarooa 
basis become continuous. Comparison of the scales of diflferent 
genera and species and with those of the Clupeoids show 
that there is a tendency to a fusion of the scalelets together with 
a disappearance of their projecting points, tending to form a 
continuous and smooth-surfaced calcified plate. Moreover, the 
development of the scale is seen to take place in the more super- 
ficial laver of the dermis, which is composed of elongated nadeaked 
cells with ill-defined boundaries, and so closely set that I have 
spoken of it [4] as the "nuclear layer/' ^neath this is a 
more fibrous-looking stratum with but few elongated nadeL 
Lying superficially to these two layers is the epidermis with its 
mucin-secreting glanda The epidermis is readily detached and 
usually absent in preserved specimens. 

If this account of the structure and development of the tele- 
ostean scale be compared with that eiven by Beard of the genesis 
of the horDy teeth of Petromyzon, I think it will be seen that 
there is more than a superficial resemblance. Beard says Uiat 
*' the mouth is lined- b^ a thick stratified epithelium. Lying in 
the deeper layers of this epithelium, that is forming its basis, one 
notices a somewhat symmetrical row of what, at fint sight, looks 
like true tooth-sacs." " Though they possess a dental papilla they 
have no odoutoblasts." And again, **The papilla is mesoblastic 
[of reticulate connective tissue], and upon it there reels an 
' enamel epithelium ' which passes over as in other cases, into the 
outer epithelium. The curious circumstance is that from the start 
the enamel epithelium and the circular horn groove into which it 
passes exteraallv produce horn, and beyond the imitation of a true 
tooth-sac in which, if ever present, the odontoblasts never become 
functionally active, there is no trace of true tooth structure ever 
produced in Petromyzon jdaneri" 

This description applies only to the teeth near the anterior 
margin of the mouth, those situated more inwardly " are formed 
simply in the basal lavers of the stratified epithelium, withoat the 
intervention of a tooth-sac." Now if we substitute for ** stratified 
epithelium" what I have termed the "nuclear layer/' the con- 
ditions appear to me to be almost identical The true epidermal 
covering is extremely liable to be removed, indeed by merelv 

{>lacing the freshly killed animal fish into a preservative fluid* this 
ayer becomes detached, and I have not yet seen it present in any 
preserved stock material. It seems therefore not unlikely thai 
this layer, even if present in the mouth, when the animal lb alive, 
may be similarlv liable to become detached, and therefore that the 
true epidermal layer is absent in the specimens examined by bodi 
Beard and Warren. 
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If then the nuclear layer be taken as homologous with the 
stratified epithelial layer, we find that the calcined scales are 
developed in the deeper layers just as are the homy plates. In 
the former case the cells immediately above the scale give rise to 
the scale-pocket, while those immediately below, to the fibrous 
basis of the scale. Both the scale and the horny plate continue 
to grow at the periphery, i.6., where the subjacent and sujperficial 
layers of cells become continuous, the horn-groove of Beard. This 
gives precisely the picture of the development of the more in- 
wardly placed teeth of Petromyzon '' without the intervention of 
a tooth-sac" Towards the edges of the mouth the skin becomes 
corrugated, involving the cellular layer and giving rise to the 
appearance of a tooth-sac, in the interior of which would be 
included the deeper or more fibrous layer of the dermis forming 
the mesoblastic papilla of reticulate connective tissue. Such a 
buckling up of tne cellular layers would give rise to the conical 
homy tooth, the centrum of the scale corresponding to the apex 
of the tooth. Just as the centrum is the first part of the scale 
to be formed and continues to grow centrifugally, so Warren [3] 
states that the process of comification proceeds from the apex 
downwards. 

If the above suggestion be correct then the homy teeth must 
be regarded as purely dermal stmctures and not epidermal as 
Beard thought. The scales of the Teleostei I believe to be 
dermal in origin, and therefore the homy plates would be homo- 
logous with the calcified portion of the scale and, if the homology 
may be pushed, possibly also to the dentinal layer of true teeth. 

Upon this assumption as to the primitive origin of the tooth- 
sac it follows that the downgrowth of the oral epithelium in 
those cases in which it persists, for example in mammals, to form 
the enamel organ is a secondary feature. This is a point of some 
practical importance. The difficulty in deciding whether to rely 
on the shape of the dental papilla or on the contour of the enamel 
organ, where, as is so frequently the case the two do not coincide, 
has presented itself to everyone who has worked at the evolution 
of the cusps in the mammalian molars. From these considerations 
therefore the form of the dental papilla would appear to be the 
more reliable criterion. 

With regard to the chemical nature of the materials composing 
the homy teeth and the scalelets I know of no exact analysis, but 
it may be pointed out that after the latter have been decalcified 
with an acid, there yet remains an organic basis probably of the 
nature of Collagen which is an albuminoid, as is also Keratin. 

The peculiar character of the tooth succession in Petromyzon 
seema to me to present no very great difficulty. The imbrication 
of the scales of the Teleostei, each enclosed in its own scale- 
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pocket, causes the wall of the pocket of one scale to lie partially 
subjacent to the superposed scale. If by a little crowding, sach 
as would be caused by the involution into the mouth, the super- 
position became complete instead of partial, then there would be 
precisely the same relative position of parts as is shown by Beard 
to exist in Petromysson. 

The above hypothesis seems to me to be also quite compatible 
with the main facts, as given by Beard and Warren, of the struc- 
ture and disposition of the teeth in Myxine and Bdellostoma. In 
these animals the conditions have become somewhat more 
specialised, the dental papilla better marked and its cells more 
differentiated to form the so-called " odontoblast cone." If such 
be the case, it furnishes further evidence in favour of the correct- 
ness of Huxley's view that the Petromyzontidae are the most 
primitive among the Cyclostomes. 
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